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HLA BIwnTWG PEPTTt^ffs Awn TfTKt P r}ftv< 
The present application is a continuation in part of 
USSN 08/027,746 which is a continuation in part of osSN 
07/926,666, Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

-athod= tJ^ """T to composite and 

methods for preventing, treating or diagnosing . number oir 
pathological states such as viral diseases and cancers L 
particular, it provides noyel peptides capable ot biwinc 
selected mijor histocompatibility =o»ple.^™e, LS^iL and 
Inducing an imaune response. oiecuies atid 

Clks. tr ^ ^^i^? "^' Classified as either class i or 
Class II molecules, Cl^?» II WC molecules are expriS^ed 
primarily on cells ^volved in initiating a«d suTSi^r 
i-mune^re^onses, suc^ as T lymphocytes, B ly«phoc^."' 
macrophages, etc. Class II hhc molecule. JTZ^ 

ly^oeytes and amplification of the immune response^S L 
pertixnilar immunogenic peptide that is displaver ^. 
»»Xecule. are e^ressed on almost en%^i:i:^«lS"L' 

destroy the antigen-bearing cells . CTLs parttculai^L 
1-portant in tumor rejection and in fighting ^il^^^C 
The CTL r.bognizes the antigen in the. fU If T^p- ^r""""- 
fragment bound to the MBC class I molecules rathS^i 
intact foreign antigen itself . The aT^o- ^ " ''^ 
endogen^usly synthesized by the «ll ^J" """""^ 
protein «ti^en is degraded ^J^,^,:,::^^:' ^ 
the cytoplasm, some of these small peptWes t ^'T^^ ^ 
. Pre-oolgi co.,.artment a^ interact :rl :i.srTh 
to facilitate proper folding and associ^iln":^ T"" 
B= mi<nroglobulin. The peptlde-Mac class I L^^L^I 

surface for egression andTo^^ntui 
recognition by specific CTLs. Potential 
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Investigations of the crystal structure of the human 
HHC class I molecule, HIiA-A2..1, indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al., Nature 
5 329:506 ( 1987). In these investigations, however, the 

identity of peptides bound to the groove was not determined, 

Buus et al., Science 242; 1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al., Nature 

10 351:290 (1991) have developed an approach to characterize 
nat\irally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 

15 eluted from class I molecules of the B type (Jardetzky, et 
al.. Nature 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al.. Science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by R5tzschke and Falk (Rdtzschke 

20 and Falk, iBpuyiol, Toqay 12:447 (1991). 

Sette et al., Proc. Natl. Acad. Sci. USA 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. Natl. 
Acad. Sci. USA 86:4649 (1989) showed that MHC binding was 

25 related to immunogenicity. Several authors (De Bruijn et al., 
Eur. J. Jirn^tiwri^ . r 21:2963-2970 (1991); Pamer et al., 991 
Nature 353:852*-955 (1991)) have provided preliminary evidence 
that class I binding motifs can be applied to the 
identification of potential immunogenic peptides in animal 

30 models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles Should be high enough to cover a large fraction or 
perhaps the majority of the hximan outbred population. 

35 Despite the developments in the art, the prior art 

has yet to provide a useful human peptide«*based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 
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. . .f P'*!?^X APe5PIffi INVENTION - 

. for MHC 

. J" »<*l^<=ul^. i^pgehlc ^peptides iit^^^th)ically 

5 between aiH,ut 8 a„<| about 11 residues and comprise con^er^ed 
residues involved in binding proteins encoded by the 
appropriate MHC allele, a number of allele specific motifs 
have been identified. "o^irs 

10 th« N * T'' instance, the motif for HIA.A3.2 comprises from 
10 the N-terminus to c-termi„us a first conserved residue of L, 
M, I, V, A, T and F at position 2 and a second conserved 
residue of k, r or V at the G-terminal ^hd. other firsf 
conserved residues are G or D and alttoatively i. other 
second conserved residues are H or F. The first and second 
15 conserved residues are preferably separated by 6 to 7 
residues. 

to the C-ter«inue a first conserved, reeldui of T, s or M T 
second c«„erv,d r«,^due of D or E, ^ . third ;oh.e^^ 

"""r """^ conserved residiies are A, Tor T 

The first «d second conserved residue, are k^UoJiC/lf' 

T:^"^:^^^ -e third. conse^ed rLllL^ Tl 

resn;'"::-. * T""" ^-^-'^ « a flrsr^onseivL 

«sxdue Of E or D and a second conserved residue of i «.ere 

:^es.^e.r -"-^'^ residues are separated hyTto 

to the d '^"'^^ <="Pri«" ftcn. thi i»-ier»lnus 

to the c-temdnus a first conserved resldu* of T or V at 

position 2 and a c-ter-lnal conserved residue of T ^ 

— -ferahirs::arated^:,?:: 
r : " r"'"" ' - ^ '^-^ unserved :^si::^^:/; 

<«, M or L. The first and second conserved residues are 
preferably separated by 6 to 7 residues. ^"^-^^ 

Epitopes on a number of not-M4*4s.i 4- ^ ^ 
can be identified in this .anne^ 

Manpies of suitable 
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antigens include prostate specific antigen (PSA) , hepatitis B 
core and svirface antigens (HBVc, HBVs) hepatitis C antigens, 
malignemt melanoma antigen (MAGE-1) Epstein-Barr virus 
antigens, human immunodeficiency type-l virus (HIVl) and 
5 papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

10 The term "peptide" is used interchangeably with 

"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 

15 oligopeptides of the invention are less than about 15 residues 
in length and usually consist of betwieen about 8 and about 11 
residues, preferably 9 or 10 residues. 

An immunogenic peptide" is a peptide which 
comprises an allele-specif ic motif such that the peptide will 

20 bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immxinogenic 
peptide is derived. 

25 A **conserved residue" is an amino acid which occurs 

in a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immvmogenic peptide may provide a contact point with the MHC 

30 molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specific pockets of the groove itself. 

35 Typically, an immunogenic peptide will comprise up to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions will result 



10 



iT^f^'^^^OS . ,per/US93/0742l 

. 5 ■ 

^f^m^f^^^i^'^^rndBT or^oor binder and in turn fail 
to induce a CTL response despite the presence of the 
^^^^^^^P^^^x^^^es withinrthe peptide. 
- "«otif^ refers to title pattfegS-d^ 

in 1^ peptide cf defined length, usually about 8 to about ii 
amino acids, which is recognized by a particular MHc allele 
The pei^^^de. motifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues. 

The btedin, .otif tor .„ .iieie can be defined with 
increasin, degrees of pr eel, io„.. i„ one caee, all of the 
conserved residue, are .present in the correct positions in a 
peptide and there are no negative binding residues present 

. P»>?ases risolated- or -biologically pure" refer 

to -aterxal which is substantially „r ess«tially free from 
components which normally accompany it ae fom,d in its native 
state. Thus, the peptides of this invention do not cont^^ 

associated with their in altu environment, 
,„ x?''! 'i'°^ I -olecules on antigen presenting cells. Even whe^e 
IZ T r '"'"^ ' or domlhaht ^ 

acid ml.etl!'.*'^ '^^-^^•"^ r^t^'^'i^o .^ ^o ^i^ or amino 

I?!i«rR " ""^^P-Pti-e by an aside Bond 

or amide bond mimetic. 



15 



25 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig* 1 is a flow diagrsua of an HLA-A purification 

scheme • 

5 Fig. 2 is an SD5-PAGE analysis of affinity purified. 

HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose* 
Lane 1 - Molecular weight standards. 
Lane 2 - A3 .2 acid eluate 
10 Lane 3 - A3. 2 a second acid eluate 

Lane 4 - Base elution #1 
Lane 5 Base elution #2 
Lane 6 - Concentrated base elution 1 
Lane 7 - Concentrated base elution 2 
15 Lane 8 - BSA - 10 /ig 

Lane 9 • BSA - 3 /xg 
Lane 10 - BSA * 1 ^g 

Fig. 3 shows reverse phase high performance liquid 
chromatography (RP**HPLC) separation of HLA-A3 acid eluted 
20 peptides. 

Fig. 4 shows binding of a radioactively labeled 
peptide of the invention to HHC molecules as measured by the % 
bound radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
25 the invention to MHC molecules in the presence of three 

peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHO 
concentration in the presence or absence of p2 niicroglobulin. 
30 Fig. 7 shows dose dependent inhibition of binding 

with the addition of unlabeled peptide. 

Fig. 8 Scatchard Analysis of binding to MHO All 
confirming an apparent of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
35 peptide of the invention to MHC Al as measvired by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
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> o , r v^^ .1^ <^Hl:,M:^^'^!'^P^<^m^Biis Of binding to MHC Al 
confirming an apparent of 21nM>^, /a, ; ^ ^ 

Fig. 12 shows the binding of two peptides of this 

, - v^^ as measured 

5 by * botind reactivity* 

Fig. 13 shows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides 

^, ^ ^^<?> «»»o« «»e Scatchard Analysis of 

binding to MHC A24 of the two peptides confirming a of 30 
and 60nM, respectively. y o or 30 

Pig- 15 shows the effect on MHC class 1 molecules of 
S^lts!'"''''-"'" ' ""^"^ choic. on acid-stripped pha 

Fig. 16 shows CTL induction using GC43 A2 i 
responders and autologous acid-stripped ebmCs or PH^ blasts 
loaded With the 777 ,03-924 .07.927. 32 Peptide pool. 

^. ... 17.6I10WS CTL induction, using X35l or X355 A2 1 

responders and autologous acid stripped PBMCs or i.HA blasts 'as 
-m^ .044.o..i044.03-io::r 

Fig. 18 shows CTL induction using GC49A2 1 
responders and Autologi^s Acid stripped pha blasts as 
stimulators after loading with 939, 03i peptide. 

" CTL induction using GC66 Al rfesoond«T.« 

and^autologous acid str^ed pbmcs as stimLtorsIf^^"^ " 
loading of peptide 938,01. , » »rcer 

t«*ets anl^L" ■""'^''^^ .ensitized 

'^'•'^ "l*"l»tion with SAC- 

I activated PBHCs loaded with a MAOE 3 peptide. 

Pig. 21 Ehows a comparison of tbe acid , 
with the cold temperature incubation 

peptide for^LEMit" •■ '^ - ^unogenic^ 

peptide for"^,;^""- re,pon=e.to an Immunogenic 

P.ptlde^.r'^^;:,!''"''^ response to a» Im^ogenlc 
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Fig, 25 shows a CTL response to an ixu&unogenic 
peptide for HBV/Al. 

DESCRIPTION OF THE PREFiE3«ED EMBODIMENTS 
5 The present invention relates to the determination 

of allele-specific peptide motifs for human Class I HHC 
(sometimes referred to as HLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 

10 diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 

15 core and surface antigens (HBVc, HBVs) hepatitis c antigens, 

Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-l) , 
human immxinodef iciency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 

20 and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microfluorimetry, peptide-dependent class I 

25 assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary jjQ vitro or in 

30 vivo CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
txamor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A, 
B, and C loci. HLA*A and B antigens are expressed at the cell 

35 surface at approximately equal densities, whereas the 

expression of HLA-C is significantly lower (perhaps as much as 
10-fold lower) . Each of these loci have a number of alleles. 
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The peptide binding a«|;4fs of the invention are relatively 

specific for each allelic jsubtype. 

i iFbr. peptide-basedA^ines^ the ^^d^ the 
present inyention. pref eraba^ ic«i4>rise a motif recognized ^ ah 
MHC I molecule having a wide distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice Of target MHC allele may depend upon the target 

T'^'^TT: ' frequency of various alleles at 

^e HIA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides Which bind to f our HIA-A allele subtypes 
specifically HIA.A2.1, Al, A3.2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with tile 
addition Of peptides binding ^to a fifth allele HIA-All 2 
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TABLE 1 



A Allele/Subfcvpe Nf69V 



10 



15 



20 



25 



30 



35 



40 



45 



Al 
A2.1 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30.2 
A30.3 
A31 
A32 
AV33.1 
AV33.2 
AV34.1 
AV34 . 2 
AV36 



10.1 
11.5 
10.1 
1.4 



1.4 
5.7 
0 

5.7 
0 

4.3 
2.9 



1.4 
4.3 
7.2 

10.1 
1.4 
1.4 

10.1 
8.6 
1.4 
7.2 
4.3 
2.8 
8.6 
2.8 
1.4 

14.5 
5.9 



1.8(1) 
37.0(20) 
0 

5.5(3) 



0 

5.5(3) 
5.5(3) 
31.4(17) 
3.7(2) 

27.7(15) 



9.2(5) 
3.7(2) 

1.8(1) 

7.4(4) 
16.6(9) 



10) 
4) 



gf5Q2) 

27.4(138) 
39.8(199) 
3.3(17) 
0.8(4) 



0.2(0) 
21.5(108) 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



Table compiled from B. DuPont, Immunobioloav of hia . Vol. 
I, Histocompatibility Testing 1987, Springer-Verlag, New York 
1989. 

* N - negroid; A > Asian; C « caucasoid. Numbers in 

parenthesis represent the number of individuals included in 
the analysis. 



The nomenclature used to describe peptide compounds 
follows the conventional practice wherein the amino group is 
presented to the left (the N-terminus) and the carboxyl group 
50 to the right (the C-terminus) of each amino acid residue. In 
the formulae representing selected specific embodiments of the. 
present invention, the amino- and carboxyl-terminal groups, 
although not specifically shown, are in the form they would 
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"^^^ ^si5xLpgic. pit A^lues^ uriOl^s Wti^ei^m specified 

*!^^?> aci^istanictmsei f oriBuI^ev^^ hMDiL is 
generally represented by,. sl^da[rd Ifettdir single 

letter designations, i^e L-forin of ih iuaino acid residu^ is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-form for those 
amino acids is represented by a lower case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as -Gly" or c. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
Falk et al., flaturs 351:290 (1991), which is incorporated 
herexn by reference. Briefly, the methods involve large-scale 
isolation Of mhc class I molecules, typically by 
immunoprecipitation or affinity chromatography, from the 

the artisan include ion exchange chromatography, lectin 
Chromatography, size exclusion, high performanc: li^d 
Chromatography, and a combination of all of the above 

techniques. *~ve 

n.«.< , *, ^'^^ defined «HC .olecules 

.v>H.ble. For e«mpie, h>«a„ EBV-tra„sfor>«d B cell ii„.s 
^ve been shown to be excellent eource, for the prepLe^I 
x-olation of clae. I end clees II MHC molecules, 
well-characterized cell lines are available fro. private and 
co^.rci.1 sources, such as American Type Culture coll^':^ 
("Catalogue of cell Lines and Hybridonas,- sth edition 
Poc^iUe Maryland. U.S.*.,; H-tional instL:! "ei^:: ' 
Madid sciences 1990/1991 Catalog of Cell Lines /HIG^T 
cenatic Mutant Cell Kepository, ca^en, K^,^rj« ' ""^ 
Repository, Bingham and Bomen-s Hospital, 7S PranJ^ » 
Boston, M* 02115. Table 2 lists so!e B ;e" TiZT TT' 
tor use as sources for HIA-A alleles \^ \ citable 
can be ^o™ in large batches^nT::: tb\"e re^'u^efuTio""" 
large scale production of „hc .olecules. one of'wii tZ, 
recogni.e that these are merely exemplary cell li„es"„: ^^^^ 
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many other cell sources can be employed. Similar EBV B cell 
lines homozygous for HLA-B and KLA-C could serve as sources 
for HIiA-B and HLA-C alleles, respectively. 
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13 



10 



15 



HIA-A allele 
"aT 



A2.1 



B cell line 
MAT 

COX (9022) 
(9087) 



JY 



20 



A3. 2 



EHM (9080) 

HO30i (9055) GM3 107 



25 



A24.1 



KT3(91d7),TlSI (9042) 



30 



35 



All 



BVR (6M6828A) 
WTIOO .(CM8602) ,MT52 
(GM8603) 



isolate the^^^^LT-n^r^i ''^^''^^"' i^ -.a to 
v«e aesirea allele, a number of protocols can 

Affinity colui^s prepared with theie ^ u^i„_ 

so reactive a;ti-^!rB'°c'^?-''T"= 

*. B, c BAbs, such as H6/32 and B9.i2.i, and 
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one anti-HLA-B, c mAh, Bl.23.2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 



TABLE 3 
ANTIBODY REAGENTS 



anta-HLA 



Name 



HLA-Al 
HLA-A3 
HLA-11,24.1 
HIA-A,B,C 

monomorphic 
HLA-B,C 

monomorphic 



12/18 

GAPA3 (ATCC, HB122) 

All.lM (ATCC, HB164) 

W6/32 (ATCC, HB95) 

B9.12.1 (INSERM-CNRS) 
B. 1.23. 2 (INSERM-CNRS) 



The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 

ZlrlT 7/ "'"'^ °' '^""^""^ denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a 
combination thereof. 

molecu, V'"'^''" fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
Chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of 6ther standard means well )cnown to 
the artxsan, including filtration, ultrafiltration 
electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromatography 
isoelectrofocusing, and the like. 
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. -according to standard t:eclmiques^,^yd^ 
.^.^JOtfieryl^^c^d^:^uit^ 

5 fipectardneti^tr of indiyidual peptides as previously 

described (Hunt, et al.,,jS£isnc^ 225:1261 (1992) />^w is 
incorporated herein by referencel/ Amino acid sequencing of 
bUUc heterogenous peptides (j^gb., pooled HPLG fractions) from 
different class l molecules typically reveals a characteristic 
10 sequence inotif for each class I allele. 

Definition of motifs specific for different class l 
alleles allows the identification of potential peptide! 
epitopes from an antigenic protein whose amino acid sequence 
isJcriown. Typically, identification of potential peptide 
15 epitopes is initially carried put using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs; .The epitopic sequences are then synthesized. The 
capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means, is a Class X molecular binding 
20 assay as-dbscribed in Example 10; below. Other altertiatives 
described in the literature include inhibition of .antigen 
.presentation (Sette, et al., J, Zmvno} , 141:3893 (I99i) , m 
assembly assays (Townsend, et al. , £fiii 62:285 (1990) , 
and FACS . based assays using mutated ells, such as RMAiS 
5 (Melief , et al. , Eur, .t. TTTn.^.^p^T 21:2963 [1991-]) . 

^. P«Pti^«s that test positive in the MHC class i 

binding assay are assayed for the ability of the peptide^ to 
induce specif icCTL responses in vitrp. Pc. instance, 
antigenrpresenting cells that have been incubated with a 
3 peptide can be assayed for the ability to induce CTL responses 
xn responder cell populations., Antigen-presenting cells can 

no^i cells such as peripheral blood mononuclear cells or 
^endritic ceils (inaba, et al. , ;r. Exp. 166:182 (1987) • 

Booq, Eur., J. Timy^nn^T 18:219 [1988]) . 

Alternatively, mutant mammalian cell lines that are 
deficient in their abilitjr to load class i molecules with 

^rrK^rT"?' ^^'^--' ^^ — e cell liiies 

RMA S,(Kirre, et al.. u^t^, 319:675 (1986).; Ljunggreh, et 
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EWr. J, IpiqmiPl. 21:2963-2970 (1991)), and the human 
somatic T cell hybridoma, T-2 (Cerundolo, et al.. Nature 
345:449-452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce in Yitr9 primary CTL responses, other 
euJcaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), 
armyworm (ATCC CRL 1711), moth (ATCC CCL 80) and Drosophila' 
cell lines such as a Schneider cell line (see Schneider 
^;l^^rY"^ ■ KXP, Morrho] . 27:353-365 [1927]). That have been 
transfected with the appropriate human class I MHC allele 
encoding genes and the human Bj microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen-presenting cells are incubated with lO-lOO /iM of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
i n V i trp for l to lO days under optimized culture conditions. 
Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
secpience was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I 
The peptides that test positive in the MHC binding assays 'and 
give rise to specific CTL responses are referred to herein as 
immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA technology or isolated 
from natural sources such as whole viruses or tumors 
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conjugated to native fragments or particles Thi J™, "^"^^^ 
or peptides can ^ a v^iety o. .^ Z^l^^'^''^ 

either free of modifications such as glyc«<»^tl!^ 
6.idation, or phosphoryution or contl^^^LM ' 
in ■"■aiW^tions, subject to the condition that the i^ification 

activity Of the large peptide. When posSibL it^vT 

■ !„:^ " — rf-"ues, con^ensurate iri 4* ^^' 

- endogenousljj p^pces^^ ''^•1 or ttf^t ^e J^ntld 

that are bound to mhp oi.... ▼ , peptides 

20 « necessary to provide ,e^i„ desi" dlt:^^^!:^ T""'"" 
l»proved phariacological characteristics ^^ii^T' J ' 

■ retaining suh^tantially all :r;.r^i:icgS^^^ " 
«tivity Of the un«odifi«i peptide to bind the dSir^ -hc 
■olecule and activate the appropriate T c.li ."^"'^ ?"= 

« the peptides may he suh.ect'^c ^Jj^ 'Z^T^' 
substitutions, either conservative or no„T °' 

5 subfiti^.i^.- effect of sxngie amino acid 

°' ype pepl-irtp;^^ Gross and 
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Meienhofer, eds. (N.Y., Academic Press), pp. 1-284 (1979); and 
Stewart and Young, Solid Phase pentide Svnth^si« (Rockford, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

The peptides can also be modified by extending or 
decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 
such as L-a-amino acids, or their D-isomers, but may include' 
non-natural amino acids as well, such as 6-7-tf-amino acids, as 
well as many derivatives of L-a-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell receptors. m addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro or 
similar residues may be employed. The substitutions may 'be 
homo-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . increased' binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide 
in any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid for 
example, steric and charge interference which might disrupt 
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Amino acid, fjibstitutions are typicaliv «f> - • , 



"peptide., .Subrti«.tlon.i vari.«:s ^k ^^^Vtl^. 
6oe ^e.Wue of . peptide been removed Td^/ r 
residue Ineerted 1„ its pl.ee. Such sub^i^tione f 
«.e -.ae in .=ord„ce with the toIlovin^'^^^'Tj^"'"'^ 
desired to .inely modulate the characterrstic. o "e p^p'ti^ 
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TABLE 4 

Original Ropjr^;]^ 

Ala 

Arg 

Asn 

Asp 

Cys 

Gin 

Glu 

Gly 

His 

lie 

Leu 

Lys 

Net 

Phe 

Ser 

Thr 

Trp 

Tyr^ 

Val 



Exemplary Subs-hi-h^^^j 
ser 
lys 
gin; his 
glu 
ser 
asn 
asp 
pro 
asn; gin 
leu; val 
ile; val 

arg 
leu; ile 
met; leu; tyr 
thr 
ser 
tyr 
trp; phe 
ile; leu 
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., :^M^^n<^-^ cell *eceptor;s) ^are iiuide^lSy-^el^ating 

. T 5Sl"*'^^l|«?1vW^ >lm. ooiSBeryjxt^^t^t^ tiio^e ' in Table 

c^^f"^ maintaining (a) tfhe structure of the peptide 

bacdcbone i|i the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobiclty Of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions %«iich in general 
are expect^^ to produce the greatest changes ih jieptlde 
properties will be those in which (a) hydrophilic residue 

is substituted for (or by) a hydrophobic Residue 
e.g. leucyl, isoleucyl, phenylalanyl, vaiyi or alanyl; (b) a' 
residue having an elect^ropositive side chain/ e^g. , lygyi 
*^»»3C1, or h^^dyl, is substitute for f^r by) an 
^ ^'^^'^^^ roBl^^^ ^.g. glutamyl or aspartyl/' or (c) a 
""^l^^ ^f^?^ Chain. e.g. phenylalanine, is 

^^^^or (or by) one not havin. a side ^ain^ e.", 

Tlie peptidM uy BiBo cmnprlBe Isoeterae of two or 
'^^t^*^ '^" ^"^'^"•i'' peptide. Ah isostere .a 

f r^^^' ' ' °' tvo or „ore residue* that can be 

-ubatitated for a seoond se^ee becsusa the steric 

"""^ e«Jue„oe fits a billing site 
^ B«=pnd aequenoa. . The tark Bpecificilly 
^UtirirS'^'^'°^~ "Odifioatioh- well *„owtf-to t^osa 
^^2^^- -"""l^'to-- Include Wification. 

«i,r^J ^f ""e c«rboriyl, coi.pi.te 

raplacenent of tha anida bo™,, extensions, dalationi or 

(weijraWih iLi?, 1983)". '•'■''^''1'' «n« m<tn1n^. Vol. ♦ii 

-irieti^ "oflfi^-tions of peptides with various a»i„o a..d 
-ii«el:ice or unnatural ,Mi„o acids are particularly useful 1„ 
incraasin, the stability of tha peptide i,^, ''^^^ 
can be assayed in a number of wavs For 

^rious biologi^l „,dia, ^ JZ^^ 
have be^ used to test stability. ^, verhoere^T,' 
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Ewrt J. Dr^q Metab Pharmacokin. 11:291-302 (1986). Half life 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serxun (Type AB, 
non-heat inactivated) is delipidated by centrif ugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by re versed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or. analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions 
The spacers are typically selected from, e.g., Ala, Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homo-oligomer . When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. ' 
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In, soma eaOJAdimMts ^^^^^ dfeit^iir'tb include in 

= cijtfqf^ffl^afwtic^^^^^^^^^^ the iHir4i^iiSn-^ii least one 

•r^.s.-f°vi°^^^^'<'-^**=^--^-^^^^^«-^^^^ been 
;ld«rt;4,fl^d as igenjse^^^ ^ 

afism against viral antigens. For example; paliiiitic acid 
residues can be attached to the alpha and epsilcn akino groups 
of a Lys residue and then linked, e.g., via one or more 
linking residues such as Gly, Gly-Gly-, ser, Ssr-Sor, or the 
like, to an iimaunogenic peptide. The lipidated peptide can 
then be injected directly in a micellar fona, incorporated 
into a liposome or emulsified in an adjuvant, e.gl, incomplete 
^^'^.^di^^M. In, a preferred fembodikent a particularly 
^^^^^^ ^^^ogGn comprises palmitic acid kttii^ed to alpha 
and epsilon amino groups of Lys, which is attached via 
^ linkage, e.g., Ser-Ser, to the amino trainus of to^^ 
immunogenic peptide. 

, ^9M»«r example of lipid priming of CTL responses, 
Et ggll lipoproteins, such as 

tripalmitoyl-s-glycerylcysteirilyseryl.s6rine -(P3C^^^ can be 
"^^^ specific CTL When covaiently attached to 

Deres et al., fiatiirs 342:561-564 
(1989), incorporated. herein by reference. Peptides of the 
invention can be coupled to P^css, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response to the. target antigen. Further, as the 
induction Of neutralizing antibodies can ^so be primed with 
P^CSS conjugated to a peptide which displays ah appropriate 
epitope, the two compositions can be combined to more 

I^flSio^ '''''' cell.medi.ted responses to 

the '-'ino acids can be added to 

Of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support or 
^"^""^J^^' -o<liWng.the physic^r or Chemical 

acldr'^r P^P^^^^ - Oligopeptide, br the like, Amino 

ac^d -y-^---^ lysine, glutamic or aspar^" 

acxd or the like, c^n be introduced .t the c- or N-ter»L^ 
Of the peptide or oligopeptide. Modification at the C 
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terminus in some cases may alter binding characteristics of 
the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being 
modified by terminal-NHj acylation, e.g., by alkanoyl (Ci-Cjq) 
or thioglycolyl acetylation, terminal -car boxy 1 amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phase Pentiri^ SvrMih^^-i < ^ ^ 2d. ed. , ' 
Pierce Chemical Co. (1984), suora . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally, in Sambrook et al., Molecul..- m onincr. a t..k.^^ ^^^. 
Manual, Cold spring Harbor Press, Cold Spring Harbor, New York 
(1982), which is incorporated herein by reference. Thus, 
fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques 
for example, the phosphotriester method of Matteucci et al 
J. Am. ^tl»Tn , por . 103:3185 (1981), modification can be made" 
simply by substituting the appropriate base(6) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
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■ ^^^%v^>ff^^u=?^^t W v^oruej^iffe^m^K^^ fusion 

P^*???^^.? -a9!^fn?s^?men<ietwM operably 
, A^^in^-^-^^^-^^^^^ ^9mi PJromoter afld tMainktor regions 

vector for expreBfiion.ln.nthe desired cellular fiost^ For 

example, promoter sequences compatible with bacterial hosts 

are provided in plasmids containing convenient restriction 

sites for insertion of the desired coding s^ence. The 

resulting expression vectors ar(B transformed into suitable 

bacterial hosts, of course, yeast or mammaliah cell hosts may 

° employing suitable vectors and dbhtrol 

sequences. 

The peptides of tJie present inventibn and 
pharmaceutical and vaccine compositions thereof are useful for 
administration t;p inammals , particularly humans , to treat 
and/or prevent viral infection : and cancer. iSeimples of 
diseases which cai? ^ .teeated psing the dmmiuio^enic peptides 
of the invention include prostate cancer, hepatitis B 
hepatitis C, AIDS, renal carcinoma, cervical carcinomi, 
lynpfioma, CMV a^d coxidlj^aom^ ac^aiinatiim. ' 

For pharmaceutical cpispositions, t^^ 
peptides Of the inventipn are administered to an individual 
already suffering from cancer or infected with tAe virus of 
interest. Those in the incubation phase or the acute phase of 
infection can be teeat^d.with the immunogenic peptides 
separately or in conjunction -with other treatment^ ' is 
appropriate. m therapeutic applications, comppsltibns are 
administered to a patient in an amount sufficient to elicit an 
effective ctl response to the virus or tumor antigen and to 
cure or at least partially arrest symptoms and/ or 
complications. An amount adequate to accomplish this is s 
defined as "therapeutically effective dose." Amounts 
effective for this usp will depend on, e.g., th^ peptide 
composition, the manner of administration, ^ the sta^e and 

s^^'o^ r -""^ ^^"^ ^nd general 

state o^ health of the patient, and the judgment of the 

prescribing physician, but generally range for the initial 

iamunxzation (that is for therapeutic or prophylactic 
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administration) from about 1.0 ^9 to about 5000 /xg of peptide 
for a 70 kg patient, followed by boosting dosages of from 
about 1.0 ng to about lOOO fig of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
patient's response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states, that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions . 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter, m chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
composition can be targeted to them, minimizing need for 
administration to a larger population. 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-infected cells in carriers. it is 
important to provide an amount of immune-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose 
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2\f^Xi'^^ '^*'**'""*'"^** *"""'"''9' P"'er-bly about s 

I„ t....c.ee of chronic iMoction, idBinistration 
shouXd oontiauo «.til at least clinical syinpt^^ or 
tasts indicate that the viral infection JTbeen eli^!!!^ 
-ub«tanti.lly abated and for a period thereat. " 

. 'Chfl i*anMiceutical coapositione for therapeutic 
treatment „. intended for parenteral, topl«l , oriT" local 
"•^^ISffSHg"- I-.'^ably, the pharaaeeutic.; ci^^eitir^ 
are adBiniat^ed j.are„^aliy. e. ,, , intravenously ^ 
.^out«..oHsly, inteader^^^ 

^^^•^^P- if^^. S9i«.«8ltion, for p*rent.i*ai aLnW^t!^: 
Which emprise a solution cf^ the i™u„o,enic pej^il^ 

acceptable WriLf pr!^erablv an 
r^^-- * variety of a*.e*us ci^iere J"be 

-^t2i"S^ K^'" co.poeiti.S'«?;e 
teS^S - """-'^"■^l' -cnown .terili.ati.*/ 

SHarbHa^fr:" .-.oue 

prior to ad.i,ist,ationr coapoailiona 4"^:a^i„"^""" 
Phar«c.utlcally acceptable auxllia^ substanceTS^S™. . 
to .«.ro.l«.te p*yeiolo,ical conditi;*.. such ^ ^ZT 
and buffering agents, tonicity .djustm; a, eits Titti^ 
-gents «nd the like, for ««-ple. sodiu! ale"^ 
^ctate, sodiu. Chloride, potassium chloride, ^icW 
Chloride, sorbite nonolaurate, triethanolaaihe ^ .^c 

i.wi..Trrrp?rie-i"^;rur;^^ 

l.e.;: f^ l.i3 th'an about 0 : , rri^\T.:^jf- T'^^' 

2% to much as 20« i-« .^n* ^ ^^^^^ 

.*U*. to 5.0% or : more bv wA'i mv.^. 

selects, feri^Uy by fluid volu.es, vis:^^^;.:"'.:^^^ '^ 
.cc„d„ce With the particular «de Of a 
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The peptides of the invention may also be 
administered via liposomes, which serve to target the peptides 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like. in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD4 5 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann. Rev. Blophv^.. 9:457 (igeo) , u.'s 

Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously 
locally, topically, etc. in a dose which varies according to, 
AJltSE alia, the manner of administration, the peptide being ' 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example. 
Pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
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f, h,.-.-: w^M^iPSSitBB.f «iPfc«™aoeutleally .aociejStiljli^gaBfioxio 

* .-"IS-^frally lo^S* o, active ingri^lIWt, o^t iiV' oL «^^^ 
..ore peptides of the Invention, and .or. preferibly .t . 
concentration of 2S%-75%. 

Por aerosol adnlnistration, the l™uno,ehii: peptides 
are preferably supplied in finely divided for. along vi^ a 
10 surfactant and propellent. Typical percenta,es of ^ptSes 

^t Of "'" '^ ^"""^'^ 1»-10«. Th* 

»ust of course, he nontoxic, ind preferably soiubie in the 

o^^^*^': the esters or 

partial esters of fatty acids containing fro. « to 22 c^.tZ 

m^-f^,'^"^-'-'^"''^^. l.-ric, palnltL. 
llnoleic, llnolenic, olesteric and oleic aci<is witi an 
aliphatic polyhydric alcohol or its cyclic anKydride. Kixed 
«ters su^ as ,ixed or -tural glyceride. Woy^ 
The surf actant „y constitute o.l»-20» by W%ht of^e 
0 co.positlpn, preferably ...s-S». The baLce'oMh.^ 

co^osition is ordinarily propellent. A c«nriir cai also l-i 
included, as desired, as with e o l.af^K. 5 !^ * ^ 
delivery: ■ l«=i«*in for intranasal 

in another, aspect the present iiiVention is dlr.«..- 
^vaccin^s vhich contain as an active ingredient an " 
^"^"^■^lly -"ectlise «.ount of an laSunogenic " ti^ 
^^scrii»d herein. ^ p,^,,,,^^, be intro'd^::,'::^ . " 
bost, includin,,hu«ns, linked to its own carrier orTa 
Jio.opoly.er or heteropoly.er of active p«,tide units , . 
poly.er has the adv^tage of increased LL^Sc^T^', J:,* ' 
•nd. Where different peptides are used to Mice ' 
the additional abiuty tp induce antibodier^:d;Llir^' 
react with different antigenic detersihants of 
tu.or cells, ps,ful cr^rers ere well Know* ^h the'^ °1 

xnclude, e.g. , thyroglobulln, albu.i„s such as bl^lne^^rT 
"f"""^^.'f ??»"?,<=«Pi'*. Polya.i„o adds such as 
Poly(lysine:glut«.ic acid,, hepatitis B virus core broi.! 
■ hepatitis B Virus reco.bi„a„t vaccine and th: IZ^'rT' 
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vaccines can also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Freund's adjuvant, aluminim 
phosphate, aluminum hydroxide, or alum are materials well 
)cnown in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P3CSS. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities, such an amount is 
defined to be an "immunogenically effective dose." m this 
use, the precise amounts again depend on the patient's state 
Of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about 1.0 
/tg to about 5000 fig per 70 kilogram patient, more commonly 
from about 10 to about 500 ^g mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For thierapeutic or immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
Viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that iencode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and methods 
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; "®f5"^ ^'^ ^^^'i^^^^^onrpTotoeols ar^Md^ctib&d in, e.g.,u.s. 
r #n°^^ ^^5?rPr is bcg^ (Bacilie^^caOm^tt^ Guerin$ ^ ' vectors 

whicji i8 incorporated herein by. reference. A wid^ variety of 
other vectors useful for therapeutic administratiori or 
iimunization of the peptides of the invention, e.g., 
ga l BgngDfl iYElii vectors and the like, will be apparent to 
those skilled in the art from the descriptioh herein. 

Antigenic peptides may be used to^ elicit CTL ex vivo 
as well. The resulting CTL, can be used to treat chronic 
inf ec:1;ion8 (viral or bacterial) or tumors in patients that do 
not respond to other conventional forins Of ^erapy, or will 
not respoiid to a peptide vaccine approach of therapy, ex vWo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patxent.s pL precursor cells (CTl4,y^^^t^^^ Witai a source of 

antiw-pre^enting ,=ells <APC) tod the approji^iite immunogenic 
peptide. After an appropriate incubation tike (typically 1-4 

TT"^:^^ "^^^ — "^^^ and mature and expand 

into effector qn., t^e cells are infused bi<de into ih^ 

patient, jrtxe^ tOiey ^rill destroy, their specifid target cell 
(an infected cell or a tumor cell). In order to o^tiiize the 

1« vitro conditions for the generation of specific cytotoxic T 

cells, the culture of stimulator cells is m^intain^d in an 

appropriate serum-fxree medium. ? 

. incubation of the -stimulatibr cells with the 

of^^t^ ? precursor CDfl4^ cell< an amount 

Of antigenic peptide is added to the stimul^t6^ c^H culture 
Of sufficient quantity to become loaded onto the human Cl^s'i 
molecules to be expressed on the surface of the stimulator 
cells . in the present invention, a sufficient amount of 

^^Jr^ ""^^^ Will allow about 200, and preferably 

200 or more, hu»,an class r «HC molecules loaded with peptide 
to be expressed on the surface of each stiii^iator ceil 
preferably, the stimulator c.lls .re incubat^i Wi& >2p.g/ml 
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Resting or precursor CD8+ cells are then incubated in 
culture with the appropriate stimulator cells for a time 
period sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
nay further depend upon variables such as the amenability of 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte : stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/ stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL 
particularly in primary immune responses. While small L.ounts 
Of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(PCTL) during primary response requires a significantly higher 
number of MHC/peptide complexes. Peptide loading of empty 

rnZ.*'''^T"'''^*'''''^^ molecules on cells allows the 

inductxon of prxmary cytotoxic T lymphocyte responses. Peptide 
loading of empty major histocompatability complex molecules on 

MHC allele 'Tt ^° ""'^^ ^^^-^ 

MHC allele, at is advantageous to use a technique to remove 

endogenous MHC-associated peptides from the surface of APC 

followed by loading the resulting empty MHC molecules with'the 

ZTZ "^''''^^ °' '""^ - non-transf^l:^ 

(non-tumorxgenxc, , non-infected cells, and preferably 

autologous cells of patients as APC is desirable for^he 

desxgn of CTL induction protocols directed towards development 
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. m^^^^§,nmi.^i^^±<^i:oh axsclb^es methods 

-L!^^^?taf from the 
. . ?| f oiloye^^^e^q^ading^f ^dfisi^^^ peptides. 

■■f;i::^:i^':i^^.<^^ complex 
formed Of tte following e;Lements: 1) a peptide usually of 8 - 
10 residues, 2) a transm^rane heavy polymorphic protein 
chain t^ich bears the peptide.binding;site in its al and o2 
domains, and 3) a non-oovalently associated non-polymorphic 
light chain, ^aaicroglobulin. Removing the bound peptides 
and/or dissociating the ^jnicroglobulin from the complex 
renders the MHC cla^s I molecules nonfunctional and unstable 
resulting in rapid degradation. All mhc class I Molecules ' 
isolated from PBMCs have endogenous peptides bound tib them 
Therefore, the first step. is to remove all endogenous peptides 
bound to MHC class I molecules on the APC without Causing 
their degradation before exogenous peptides can be added to 

J possible ways to W HOe isltLB^ z tsiaail^^ of 

bo^d^peptid., include t,e cultu^. t^it^e 

«lr^ f li^' «ro. the ceil usiftg . „iid 

peptide. Intone extracellular. e„vlrom,eht allowing „e„ 
peptides, to bind tp tKe «.pty da.e I «lLles 
Th. =old-te»per.tur. incubation .ethod enables exogeniir 
peptides to bind e«lcle„tiy to tOe HHC cp^piex, b^r^ires 
an overnlgbt incubation at wbicb -ay slow tt. ceLT 

l^'^:^ '^"^n <-.9.. resting PBMC, >^Wld „!t 
cold teaperature procedure. 

^ Harsh acid stripping involves extraction of the' 
peptides with trlfluoroacetlc acid, pH 2 or .0.^- 7^ 
o. the l».uno,„inlty PuriXl^ cla^^^^^L^l^.^r"^"" 
These methods are not feasible ,f or CTL induction, since it is 

^sriv'^T^ peptide. „hii; p::sL^r„r 

^^r 2^, an opti«i -etabollc state which is critlLl 

for antigen presentation. Mild acid solutions of pH 3 su^"i 
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glycine or citrate-phosphate buffers have been used to 
identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is especially effective, in 
that only the MHC class I molecules are destabilized (and 
associated peptides released) , while other surface antigens 
remain intact, including MHC class II molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4-c and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specific APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specif ic CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of Jcnown 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known immunoprecipitation or immunoassay 
me^ods . ^ 

Effective, cytotoxic amounts of the activated CD8+ 

If^H ""i-t- target 

the condition of the patient and should be determined via 

Prefir^v'^h f ^ practitioner. 

Preferably, however, about 1 X 10« to about 1 x 10« more 

preferably about l x 10» to about 1 X lo», and even'-ore 

preferably, about l x lo» to about 1 x lo" activated CD8* 

- 5 X 10^ cells used in mice. 

cells ar/r^^"''^''' ^'"""^^-^ *^°ve, the activated CDS* 
cells are harvested from the cell culture prior to 



. .^T^ Hr< .PCr/US93/0742. 

„ ^^f^'^^m.ShM^JS?t-mi^ t:o.th«.li,aiW4iil being 

^ ■ S^li^'i^?"' -S^-* l;"-'*'*. *<»'*V^V Saii-onllke other 

S Therefore, if cpaplete separation, ot etlatfia'tor cells 

^ivete. COS. cells is not aCieve., t..ere JrT^^ 
^« known to be eesociated with the adiinietretlon o^ 
Muill nu-ber Of stimulator cells, ,rt.er«.s aaHlnistration If 
^lian^».or-pr»otin, cells be extremely t:!:,™: 
known 1„ re-lntroducing cellular components are 

known in the art and ixiqlud. procedure, such as those 
exemplified ih U.S. Patent Ho. 4,844,8« to HohsS^ "^t al . 
U^S Paten€ Mo. 4,«,o,,.X5 tp Rosenberg. Por e^^L 

S Via int^^v^'L 

•» xn£usion xs appropriate.. 

useful as pote^tialtdiagnpstio ,r th:;ap:re"S^ " 

0 reagents p ' " «.9T.ostic 

u reagents. For example, a peptide of i_ Z. 

to diteimlne the susoeptiblirty of f '^^.^"ventlon may be used 

u,ed to predi^'t:i;h Sdr^duii^'wi^r r:t"i"^ 

tor developing chronic infection^ ««bst«,ti.l risk 

n>e following examples are offered by Wav 
illustration, not by way Of limitation. ^""^ ""^ 

Examnl.* j ^ 
glass T nnHig^n j^^^^^^^p 

-chem.isV^~^.^;Tr.iirr^^^^^^^^ 

the appropriate aileie we^gro«, "^"^ 

yielding -S X 10' cells, , ha^esTed byXXlV'"' 
washed.' Ail cell Ht,o» „ . ^^^^trifugation and 
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antibiotics. For large-scale cultures, cells were grown in 
roller bottle culture in RPMI 1640 with io% FBS or with io% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM lEC-CRUSOOO centrifuge with 259 
rotor and washed three times with phosphate-buf f ered saline 
(PBS) (0.01 M PO4, 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 'c or treated 
with detergent lysing solution to prepare detergent lysates. 
Cell lysates were prepared by the addition of stock detergent 
solution [1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci. 
Corp., Westbury, NY 11590), 150 mH Naci, 50 mM Tris, pH 8.0] 
to the cell pellets (previously counted) at a ratio of 5o-ioo 
X 106 cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulf onyl fluoride (PMSF) , 2 mM; aprotinin, 5 
ng/ml; leupeptin, 10 fig /ml; pepstatin, 10 ng/ml; 
iodoacetamide, 100 ,M; and EDTA, 3 ng/ml. Cell 'lysis was 
allowed to proceed at 4 'C for l hour with periodic mixing 
Routinely 5-10 x lo' cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4-C and 
subsequent passage of the supernatant fraction through a 0.2 u 
filter unit (Nalgene) . *^ 

The HIA-A antigen purification was achieved using 

F^r ri^tL'n'""' ''"'^'"^ "'^"^ -Ab-conjugated Sepharose beads. 
Por antibody production, cells were grown in RPMI with 10% FBS 
xn large tissue culture flasks (Corning 25160-225) 
Antibodies were purified from clarified tissue cui;ure medium 
by ammonxum sulfate fractionation followed by affinity 
chromatography on protein-A-Sepharose (Sigma) . Briefly 
saturated ammonium sulfate was added slowly with stirring to 
the txssue culture supernatant to 45% (volume to volume) 
overnight at 4-C to precipitate the immunoglobulins. The 
precxpatated proteins were harvested by centrifugation at 
10,000 X g for 30 minutes. The precipitate was t'heHisLlved 
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.^f^^"^"^^ -^fo^^ ' Ccnitofe -i2^;t»06^i4~;6ob; S^eert:uin Medical 

^f^^?^^?*^ ..srithv 4^6 cHiHgisd^ of diSiysfl^bdf tl^ over a 

5 24-48 hour period at 4-C. The dialyzed pr^btein solution vas 
clarified by centirifugation (10,000 x g for 30 minutes) and 
the p^ of the solution adjusted to pH 8.0 with IN NaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufactmrer.s instructions, and a protein-A-Sepharose column 
was prepared, a column of 10 ml bed volume typicaily binds 
50-100 mg of mouse IgG. 

The prptein sample was loaded onto the protein-A- 
Sepharose jplumn using a peristaltic pump for ikrge loading 
volumes o^ by, grayity for smaller volumes «ioo ml) . The 
column was gashed with several volumes of Pi^- and the eluate 
was monitored at A2SP in a spectrophotometer until base line 
was reached. T^e bound antibody Was elut^ usihg o.i m citric 
acld^at suitable. pH (adj^stad to the appropriate is with IN 
, ^'^y- Po^ mouse IgG-i pH 6.5 was used for i^'2a pH 4.5 was 
. "^^ ^^ ^^'^^^^^--^ PH 3.0 was used. 2 M ^is balT 

^use^^ n^tralize the .luate. Fractions containing the 
antibody (monitored by A280, were pooled, dialyz^d agSL PBS 

(Amxcon Model 8050 vith YM30 membrane,. The imti-A2 mAb 

^ll^J^ T."^^"^ '^^ Partiduiarly useful for 

a"inity purification. ' 

The HIA-A antigen was purified using affinity columns 
prepared With mAb^ponjugated Sepharo.e beads.^ The affinity 
(SiZr IIZ r incubating protein-A-Seph^ose b^Ls 

(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg Of mAb per ml of bead is the preferred ratio. The 
»Ab bound beads .ere washed with borate buffer (borate bSfer- 
100 mM sodxum tetraborate, 154 mM Naci, pH 8.2) until the 
washes Show A280 at based line. Dimethyl pimelimidate^2o mMI 
xn 200 mM triethanolami,e was added to covLntly ^""^ 
the^bou^d mAb to the protein-A.Sepharos. (Schneider et al ^ 
fil^O^^ 257:10766 (1S82). After incubation for 45 mi^^t^: 
at room temperature on a rotator, the excess crosslinlcing 
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reagent was removed by washing the beads twice with 10-20 ml 
of 20 mM ethanolamine, pH 8.2. Between each wash the slurry 
was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x 10^ cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus o 1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 
Tris, pH 8.0, and lo column volumes of 2 0 mM Tris, pH 8.0. 
The HIA-A antigen bound to the mAb was eluated wi^ a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (i/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay, Pierce) or by SDS- 
PAGE, or both. SDS-PAGE analysis was performed as described 
by Laemmli (Laemmli, U.K., Haturg 227:680 (1970)) using )cnown 
amounts of bovine serum albumin (Sig»a) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MHC molecule. m the case of HIA-A2 and HLA-A3 mAbs 
BB7.2 and GAPA3 were used respectively. An example of SDS 
PAGE analysis of purified HIA-A3.2 molecules is shown in 
Figxire 2. 

Figure 2 shows SDS-PAGE (12.5%) analysis of affinity 
purified HIA.A3.2 from the cell line EHM. An affinity coluxl 
(10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-as a 
detergent lysate of 5xlo' cells was passaged over the column 
and the column was washed extensively. The bound HLA.A3.2 
molecules were eluted from the column with 0.15M acetic acid 
50 ml. one ml of the eluate was removed and lyophilized to ' 
concentrate the sample. The sample was taken up to 50 ,1 Cith 
cLT r^^'^ --"-.and 20 ,1 were loaded in lane 2. Lane^ 
contained molecular weight standards: Myosin, 230 KD; 6- 
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P??9fehQnrlase.B, .97.4JcD;-Bb^ serum 

^^"^^ and J^ozy^^'^v4JcD. 

^^^^'''^I^ run in ^ 

oHL!'."^^' ' ^^"^ ^^-^^ aid in thW^.^3^i^^i^„ 
Of protein yxeld. Per this Particular HIA-A3 ; 2 ^ ^^^^^^ 
the estimated yield vae approximately 112 >g. ' 

For HIA-All, A24.1 and Al, an . alternative protocol 
was used whereby anti-HlA-B and C monoclonal antibodxes were 
used to deplete HIA-B and C molecules. Th. remaining 
-le^ ^/3i - .s 

indicat«^1r^!l°" ''^""''^ Of. Class I expression as 
indicated by the results of immunofluorescent staining 

Zllllnl 'I f ^'-^^ -^at average yields of cLss i 
antxgen isolated from the EBV B cell lises will . 
80o.i.oo ,0^ c^ll^guiyalent...^: ""^^^ 

Examnl y g 

ye e] 



Bl ,3 ■ ~**Wle? were isolated usiri, the .Al, 

"ieli .T*^, epitope express^, by i^i, c 

allele ..olecules, but not by HM-A.a„ti,e„H. The mffi, wL,, 
detects^ ail hu«m class I -olecules, Incluai^ ed^'il^: 
*s^-e„tioned above, these «^ «-=t well with t'J.^ 
r«".":nh":he V'"^" °' .nti,e„s. The BlJis!"^, 

with-th. hu^ cell line, ciR (^.^T^ J^^' 

.s, 3.p c««„..that iac*s Uress^n o. 

A and 8 aolecules, but represses low levels of HLA-c 
Tx^":. ^'r"'^ Of reactivity illistratil S L 

c::.:^.^ t<.-epl,te the 3.ell ly^atenfL^a 

pu^if ie^ "i^^r^^.-^^^""- 

-ve. The procedures for the ;rep::r oTo^ th" r^fl^^ 
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columns are essentially identical to the procedures described 
for the preparation of the allele-specif ic mAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of HLA-b and C molecules using 
the protocol as described above. The cell lysate depleted of 
HIA-B and C was then passed over a W6/32 mAb affinity column 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-specif ic mAbs. m addition, it 
could also be used to isolate any class I molecule type 'from 
transfected cell lines. 



Examnle ? 

\d ^ecmencina of nat«T-;.llY p roc^s^^H 
For the HIA-A preparations derived from the base (50 
nM diethylamine) elution protocol, the eluate was immediately 
neutralized with l N acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (O.Oi M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts 
and the sample was concentrated to approximately 1 ml a ' 
small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of 10% acetic acid. The acidified sample was 
Placed in a boiling water bath for 5 minutes to allow for the 
dxssocxatxon of the bound peptides. The sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliquots of 10% acetic acid (I-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the origxnal filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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S^'^jmW^^M. the.tixte^fee eeiitfains the 

''^f^^^'^^f^^^ with 

aaterial Was lyQphi3.i.zed in . order tp concentrate thfe peptide 
fraction . The sapple was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized sample 
was dissolved in 50 ^1 of distilled water, or into 0.1% 
trif luoricetic acid (TFA) (Applied Biosystems) in Water and 
injected to a C18 reverse-phase narrow bore column fBeckman 
C18 Ultrasphere, 10 x 250, mm) , using a gradient system 
deiscribed by Stone and Willi^m^^ (stone, K.L. and Williams 
K.Rv, in, Macromoie<2ular sequeiicing an^ Synthesis; Selected 
Methods and Applications, A,R. Liss, ifew York, 1988, vpp. 7^24 
Buffer A Vas 0.06% TFA. 4n water .(Burdick^Jackson^^ and buffer B 
was O.052% TFA in 80% acetoriiteile .(Burdick-Jack^bn) The 
flow rate was 0.250 ml/min^te with the following griMient: o- 
60 min., 2-37.5% B; 6O.95 min. 37.5-75% B; 95-105 %ih. , 75- 
98% B . the Gilspn narrow bore HPLC configuration is 

^'^^^^^^Y tii^. purpose, although olSi^r 

eohfigiurations work equally well. 

"^ liiirge number p^ pe^s were detected by ab^orbance 
at 214 nm, many of which appear to be of low abundartd^ 
(Fig. 3) . Whether a given p^ak represents eingl^ ji^tide or 
a peptide mixture was npt deterpined. Pooled fractiibns were 
^n^seq^^ 3pecific fo. .ach .ilele as 

Pooled peptide, fractions, prepared as described above 
were analyzed by automated Edman sequencing using the Applied 
^T^i!^^^ """^ automated sequencer. The sequenk^g 
method xs based on the technique developed by Pehr Edman in 
the 1950S for the sequential degradation of proteins 4nd 
!cldsr" ^"^^^ ^^equence of the constituent amino 

12 H> '^^ ^'^''^^ or peptide to be sequenced was held by a 
12-mm dxameter porous glass ^ber filter disk in a heated 
argon-purged reaction chamber. The filter was generally ^re- 
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treated with BioBrene Plus™ and then cycled through one or 
more repetitions of the Edman reaction to reduce contaminants 
and improve the efficiency of subsequent sample sequencing. 
Following the pre-treatment of the filter, a solution of the 
sample protein or peptide (lo pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. in coupling step, 
phenyl isothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino- terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile' 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (atZ) derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flask, where upon addition of 25% TFA in water, the ATZ amino 
acxd is converted to the more stable phenylthiohydantoin (PTH) 
amxno acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a mxcrobore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
resxdue is conserved among the peptides being sequenced, 
xncreased yield for that amino acid is observed. 



Example A 

Pefinition of an f^ - <.2 sPA^<fie mn^if 
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®^^??v^«^ J)y cell lines- ^:^M^ HO30I/ 'ah4''iSM3xd7i '^Tti^B 
-particular subtype is currently referred tb'a^^^^^ allele 

(Xang* in ImungfriglpgY 9f HLft; Vol. l. Dupont ed., Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the bne published 
bystrachan, et al., EWP<? jr, , 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
in EHM cell line. The HIA-A3.2 encoded by the A*b30i gene 
referred tp in this document is the comnonly e3Q)ressed HIA-A3 
allelic form^ 

in one. case using MAT ceils, pooled peptide fractions 
prepared as described in. Exaaple 3 above were bbtained from 
HLATA3. 2 homozygous cell lines , fcir ex^ple, cini07. The 
pooled fractions were HPLC fractions c6s?respoiiding to 7% to 
19% CH3CII. For this class I, molecule, tkLs r^oxx of the 
chrc^pgram wis mp^t .abundant in p^tidte. t)^ from 
independent experiments were averaged as described l^low. 

Th^ aainp acid sequence analyses from four 
independent experiments were analyzed and the results tre 
shown in Table .5. Por each positiwi exceprt: tiie ^st, the 
data were analyzed by modifying the method described by Falk 
et al. to allow for comparison of experiments from different 
HLA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HIA type. 

The raw sequenatpr data was converted to' a simple 
matrix of 10 rows (each representing one Ediian degradation 
cycle) and 16 columns (each representing one of the twenty 
amino acids; W, c, R and H were eliminated for technical s 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acidsO. The 
values Of each row were summed.to yield 4 totii p„oles value 
for tha^ particular cycle. For ea.h row, values .or ealh 
amxno acid were then divided by the corresponding to^i yiei^ 
value, to determine what fraction cf the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency" table was generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
"relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding l.oo by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HIA-A3.2 
were as follows; at position 2, a 2.2-fold increase in valine 
(V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in ' 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and lo, lysine (K) was increased more than 2- 
fold over the expected random yield. 

cysteine was not modified and thus not detected 
PTH-tryptophan coeluted with diphenylurea, and in some 
experiments, PTH-arginine coeluted with the major derivative 
Of PTH-threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonine. 

Previously described MHC structures showed instances 
Of critically conserved residues at position 2 (or 3) and at 
the c terminus (either position 9 or 10) . These residues are 
referred to as "conserved" residues. The modified data 
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.^i'^^^^^^^i "^M^^^. "^"^^Fm^ mP ^o?mf^e.<i positions 

-Thus/ the HIA-A3.2 motif should hsuwte .position two 
occupied by V> ,L p^ acids/ and a 

C-terminal position .occupied by K. 

TABLE 5 
Suamairy 

HIA-A3.2 Allelg-Rr^ eeifie Mn^-^f 

Conserved 
Position Residues 

1 

2 V,i.,M 

3 Y,D 
4 

5 
6 

7 I 

« Q,N rv 

. " .... 

xo '^^ " 

Examnlft g 

HIA-Al aioiecules were ifplated and their naturally 
processed peptides characterized, as described , in Ekaa^ile 3 
above. In one case using MAT cells, pooled fractions 
corresponding to 19% tb 50% CT3 CM were used. As in the 
preceding example, residues showing at any given position 
except the first Position, a^ least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. On the basis of these data, only Serines (s) 
and Threonine (T, were increased at position two. At positiL 
3, aspartxc acid (D) and glutaxaic acid (E) were elevated and 
at posxtxon 9 and 10 tyrosine (y, showed a marked increase. 
Other increases noted were proline (P) at position 4 and 
leucine ^(L) at position 7. Therefore, the motifs for HLA-Al 
based on these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 amino acids and a 
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C-terminal residue of Y. Alternatively, another motif would 
comprise a D or E at position 3 together with a C terminal 
residue of Y. 

TABLE 6 
Summary 

HIA~A1 Allele-Speff tfte Motif 

Conserved 
Position Residues 

1 

2 S, T 

3 D,E 

4 P 
5 

6 

7 L 
8 

9 Y 
Example 6 

Pef i nKl9n of HT,A-An mif>ie-sp^r.if p eptirt^ T TiT-rifrr 
HIA-Ali motifs were defined by amino acid sequence 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH3CN of fractionated peptides eluted from 
HIA-All molecules purified from the cell line BVR. on the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V), a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) . At position 3 
increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
Summary 

HLA-All Allele-Rp y cific Mn1-<f 

Conserved 
Position Residues 

1 

2 T,V 

3 M,F 
4 
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5 
6 
7 

« Q "• • 

9 K 

10 K 



Pgf i nitlPTI Pf HTA-A?4.1 fin^o4fi^ p ^pfcj^^ M » tif r 
mA-A24.l allele-speciflc mbtifs were defined by 
amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH3CK of HPLC fractionated peptides 
eluted from HIA-A24.1 molecules purified from the cell line 
KT3. on the basis of the data presented in Table 8 a motif 
consists of a conserved residue at position 2 
f'^^^eH '^?^^^ ^^). a peptide l^gth of 9 or ib amino 

ff?^^ C-t?r¥inal,conserved.residue of ^h^iSylaianine (F) 
or leucine (L, . increa^s .were also observed at sei^al otLZ 

^^^^^^'-V ^-^^^ a> a.,d methonin^ flO at position 3 

acid^(p^. ^lut^ic ^.^ ^^ ^^^J''^^ 

^ proline (P) a^ position .4. lysine (K, / m^onine (m, and 
asparagine (M) at jppsition 5 ; valine (vj -at po^iti^.n 6 • 
•^paragine jN) a«i^y^^^ alanine (A) 

■ 'Summary 
HIA~A24 . t . A1 1^1 o- ppeej f n ^f jf 



Position 

1 
2 

"3 

4 
'5 

6 

7 



Conserved 

Residues 



Y 

D,E,(G,K,P 
V 

N,V 
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8 A,E,K,Q,S 

9 F,L 

10 F,A 



Identification of immunoaenT ^ pgp^ j^^« 
Using the motifs identified above for various mhc 
class I allele amino acid sequences from various viral and 
tumor-related proteins were analyzed for the presence of these 
motifs. Sequences for all of the target antigens were 
obtained from the GenBank data base (Release No, 71. O; 3/92). 
The identification of motifs was done using the -FINDPATTERNS" 
program (Devereux, Haeberli and Smithes (1984). Nucleic Acids 
Research 12111.; 387-395) . 

The amino acid sequence or the nucleotide sequence 
encoding products was obtained from the GenBank database. m 
the cases of Human Papilloma Virus (HPV) , Prostate Specific 
antigen (PSA) , p53 oncogene, Epstein Barr Nuclear Antigen-1 
(EBNA-l), and c-erb2 oncogene (also called HZR-2/neu) , and 
Melanoma Antigen-l (MAGE-1) , a single sequence exists! 

In the cases of Hepatitis B Virus (HBV) , Hepatitis C 
Virus (HCV) , and Human Immunodeficiency virus (HIV) several 
strains/ isolates exist and many sequences have been placed in 
GenBank. 

For HBV, binding motifs were identified for the adr 
adw and ayw types, in order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 
adw and ayw that are not present in adr were added to the list 
of peptides. 

in the case of HCV, a consensus sequence from residue 
1 to residue 782 was derived from 9 viral isolates. Motifs 
were identified on those regions that had no or very little 
(one residue) variation between the 9 isolates. The sequences 
Of resxdues 783 to 3010 from 5 viral isolates were also 

InTlZt "1''^ ^°T" '° identified 
and added to the peptide list. 

Finally, a consensus sequence for HIV type i for 
North American viral isolates (10-12 viruses) was obtained 
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froa the Los Alamos t^ftj-^n^l^^L^o^^ (May 1991 

release) and analyzed in ord^^t:px;fe4e„t:if ^^tifs that are 
constant throughout most virali^jppla^es. SMotifs that bear a 
smaia degree ot variation (one resddui^; iH^ 2 forms) w«:e alsb 
added to the peptide list. ^ 

several motifs for each allele shown below were used 
to screen several antigens. Protein E6 qf,human papilloma 
virus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9) . Protein E7 of Hpv type 
18 was also searched for actios from all alleles (Table 9) 
Melanoma antigens MAGE i, 2 and 3 were searched for motifs 
from all alleles (Table lo) . The antigen psa was searched for 
aotifs from all alleles (Table ii) . Finally, core and 
envelope proteins from hepatitis C virus were also searched 
(Table 12) . m the tables and the description of the motifs 

^e letter -X" represents a wild card character (any amino 



search: 



The following motifs were screened in the present 



For HT.a-.fti fA*nrn - 

1 XSXXXXXXY 

2 XSXXXXXXXY 

3 XTXXXXXXY 

4 XTXXXXXXXY 

5 XXDXXXXXY 

6 XXDXXXXXXY 
"7 XXEXXXXXY 
8 XXEXXXXXXY 

For HT-i^-fti^p f A*m9i ) 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
>^ < XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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For HIA-Aii (A*nni\ 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

For HIA-A24.1 (A*?Aa^\t 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs 



Table 9 
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AA Position 



10 



15 



20 



HIA molecule 



3 (MHDIII^ECVY 


.-,-,.,HP5f|££E6 




69"vcjt«CLKFy 


HPV16.E6 




77 ySKl^EXRHy 


, HF^16.£6 


Al 


oO XSCiYRHYCY 


H?!yi6.JE6 


Al 


92 GTTLEQQYNK 


HPV16.E6 


All 


93 TTIiEQQYNK 


HPV16.E6 


All 


106 LLIRCINCQK 


HPV16.E6 


A3 


2 HGDTPTIHEY 


HPV16.E7 


Al 


16 QPETTDLYCY 


HPyi6 , E7 


Al 


44 QAEPDRAHY 


HPya,6>E7- 


Al 


o» IVCPICSQK 


. ,j .HI»yi6-i.E7 


A3, All 




.■.■HPYis, Eg' 


Al 




..iO*5fl;8..:E6 


Al 


25 LQDIEITCyy 


MPV18.E6 


Al 


4 1 LTEVFEEAFK 


Bn»yi8yE6" 


All 


72 YSRIRELRHY 


HPV18 . E6 


Al 


84 SVYGDTLEK 


HEV18.E6 


A3, All 


1 pi iiLIRCliliCQK 


HPV18.E6 


A3 



25 



59 HTMLCMCCK 



HPV18.E7 



All 



Human Papilloma Virus 16 and 18 (E6 and E7 Proteins) 
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Peptides with MHC Class I Binding Motifs Table l 

AA Position Sequence Antigen hla molecule 

2 SLEQRSLHCK MAGE 1 A3 

96 SLFRAVITK MAGE 1 A3 

96 SLFRAVITKK MAGE 1 A3 

108 DLVGFLLUK MAGE 1 A3 

128 MLESVIKNYK MAGE 1 A3 

128MLESVIKNY MAGE 1 Al 

152QLVFGIDVK MAGE 1 A3 

161EADPTGHSy MAGE 1 Al 

182 LLGDNQIMPK MAGE 1 A3 

215 WEELSVMEVY MAGE 1 Al 

223 VYDGREHSAY MAGE 1 Al 

238 LLTQDLVQEK MAGE 1 A3 
239LTQDLVQEK MAGE 1 All 

239 LTQDLVQEKY MAGE 1 Al 
240TQDLVQEKY MAGE 1 Al 



Melanoma Antigen MAGE 1 
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; tfWG^^^ Table 11 

AAPp^ition ^eflnience Antigen ^ ' HiA liolecule 



10 



15 



21 XVGGHECEK 


PSA 


A3, 


All 


d 7 liTAAHCXRNK 


PSA 


All 






PSA 


Al 




95 PLYOKSLLK 


PSA 


A3 




178 DVCAQVHPQK 


PSA 


A3, 


All 


182 QVHPQKVTK 


PSA 


A3, 


All 


236 PSLYTKVVHY 


PSA 


Al 




239 YTKWHYRK 


PSA 


All 




241KWHYRKW1K 


PSA 


A3, 


All 


242VyHXRKWIK 


PSA: 


A3, 


All 



Prostate Specific Antigen (PSA) 
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Peptides with MHC Class I Binding Motifs Table 



AA Position 



Sequence 


Antigen 




2 STNPKPQRK 


HCV 


All 


14 NTNRRPQDVK 


HCV 


All 


43 RliGVRATRK 


HCV 


A3 


302 VQDCMCSIY 


HCV 


Al 


556 WMNSTGFTK 


HCV 


A3 


605 LTPRCMVDY 


HCV 


Al 


626 FTIFKIRMY 


HCV 


Al 



molecule 



Hepatitis C Virus (Consensus Sequence) 
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-V. 

- g^gntitative hla class ..i bi-ntj^^g 

. : \ ; J^^^^ are 
'^f?^^^ ®^ iJiij^ing^ the apprpp^iate ciaSs^tt • 
BoiWcaileis; specific ^ binding assays were establishedi HIA-A3 . 2 
ttolecules,were purified frp^ GM3107 EBV cells by affinity 
chirbmatography using the GAPA3 aAb (anti-A3) to isolate A3. 2. 
Prior to the step, the lysate was depleted of HLA B and C 
molecules by repeated passages over a Bl.23.2 coiuam (this 
antibody is B,C specific) generally as described in Example 2 
abbve. ' 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK), containing an A3. 2 motif, was used. This 
peptidfe contains the anchor residues and K^^, associated 
with A3.2-specific binders, described above. A Y residue was 
inserted at position 5 to allow for radiolodihatibni Peptides 
were labelled by the use of the Chloramine T method fiuiis et 
al., SSilsnss. 235:1352 (1987) , Which is incorporated herein by 
.;,ref er«hce. ' 

A dose range of purified A3. 2 was incubated with lo 
r.?!/"^*" and 23.C, in presence of a protease 

. i|^ibitor ceactail (1 loM PMSF, 1.3 1.10 phenahthrblihe, 73 
^ •pepstatin A, 8 mM EDTA, and 200 mM N a_-tosyl-L-lyfeine 
chloromethyl ketone (TI^) ) , i„ presence of 1 MM purified 
human ^2 microglobulin. After two days, the % bound 
radioactivity was measured by gel filtration over TSK 2 66o 
columns^ as previously describe^ for .class . II peptide>M^i„g 
assays xn Sette et al., in Semin... Tnnnnrl-Tl- Vol. 3, 
Gefter ed. (K.B. launders, Philadelphia, 1991) , pp 195.202, 
which is incorporated herein by reference. (see. Fig 4, 
Good binding (in the €0 to 100% range) was observed f oi: a^ 2 
concentrations rahgihg between 35 and 300 nM. 30% binding was 
observed at 15 nM A3. 2. 

To minimize A3. 2 usage and to increase the 
sensitivity Of the assay, a concentration of 5-10 nM A3. 2 was 
.elected^^f furthe. assays. Xn the .^eriment shown i ' pI:? 
5 7nM A3.2 and an eguxvalent concentration of radiolabeled 
941.12, were xncubated using the conditions described above and 
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in the presence of a dose range of tliree peptides (HBc 18-27 
(924.07), a Prostate Specific Antigen peptide (939.01), and 
HIV nef 73-82 (940.03)). It was found that peptide 940.03 
inhibited strongly, with a 50% inhibitory concentration 
(IC50%) of 22 nM, while a weaker inhibition was observed with 
peptide 939.01 (IC50% 940 nM) . Finally, peptide 924.07 did 
not show any inhibition up to the 30 uM level. Thus, it is 
concluded that peptides 940.03 and 939.01 are high and 
intermediate affinity binders, respectively, while peptide 
924.07 is classified as a low affinity or negative binder. 

Throughout this disclosure, results have been 
expressed in terms of IC50's. Given the conditions in which 
the assays are run (i.e., limiting MHC and labeled peptide 
concentrations), these values approximate Kj, values, it 
should be noted that IC50 values can change, often 
dramatically, if the assay conditions are varied, and 
depending on the particular reagents used (e.g., class i 
preparation, etc.). Por example, excessive concentrations of 
MHC will increase the apparent measured IC50 of a given 
ligand. 

An alternative way of expressing the binding data, to 
avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less 
sensitive, the ICSO'S of the peptides tested may change 
somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run under 
conditions such that the IC50 of the reference peptide 
increases 10-fold, all IC50 values will also shift 
approximately 10-fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate, weak 
or negative binder should be based on it's IC50, relative to ' 
the IC50 of the standard peptide. 

• " IC50 Of th^ standard peptide measured in a 
particular assay is different from that reported in the table 
then it Should be understood that the threshold values used t^ 
determine good, intermediate, weak, and negative binders 
Should be modified by a corresponding factor. For example if 
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^lyM^^^^-"^^^^^ ^^''^ *« ifts1iSaa^St*5-S^, then a 
|>e|>tide liaand vouJA . ^ ...... « ' " 



^! , t " "* «■« o-l). instead Of the 

usual cuc-off value of 50 iM. , ■ 

* . ^.""i herein described ean be used 

to test bindin, of large numbers of synthetic peptides to . 
var«ty of dlff«ent class I specificities, specific b^LL 
assay, can be performed as follows, binding 

The cell line BVK was used as a sourcS of hl*. The 
depe«.ency of the binding on HHC concentration In presence^r 
abs«,ce Of 0,H are shown In Pig. 6, while Wg. 7 diplcts L 

^:::i?;''wT ih ^-mtio„ by «ces.4iaberedTi,rn:. 

Fl^illy, rig 8 Shows a scatohard analysts experiment, value. 
Of apparent ko of -6 ™ and of 10,. active re«ptor ^&e 

u.ed as » «dioiabei::-:rr >::::o:r^::'^ 

In this case , the EBV cell line Steiiilin was u««^ ^ 
a source of rmyifi^^ irr« =-t"xiii was used as 

< P"^if HIA. The same prbtocol prWiously 

applied to purification of other HIA alleles /i - , 
of B, C Bolfecules by a Bl 23 2 «»k , <*ePletion 
purifln«i-s * ^ »^-^3.2 aAb column, followed by 

peptides were .y„th1si"ed T^.^ IZ^^,^^ ' r"---- 

«or HI* binding u.lng the standa^a'prl::^,'':; It 

- incubation In presence of proteaL inl^itor™. ^,7' 

illustrating the relationship between * blnai^r ^ * ! 

HI* Al Is Shown m Pig. 9. tCI d^tf it 

that m analogy with what was ohs:^.^^; ^"L" 7=^"f - 

« little as 30 «. are sufficient to obtaL^oC^;i':i" 

sequence of the peptide used a. a radlola^lj v 

is «EPA^. in the next .et of .^^^^^ " T^l '^''^^ 

Of the assay Established was verlf 

excess unlabeled peptide . The l^o* inhabxtabillty by 

The ICS0% was measured (PI,, lo) as 
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-20 nM. Further Scatchard analysis (Fig. ii) verified that 
the apparent Kj, of the interaction corresponded to 21 nM, with 
a % of active receptor corresponding to 5.i%. 

HIA-A24 «p^^7ifie flffpffly 

HLA A24 molecules were purified from the KT3 EBV cell 
line. In this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized 
Their sequences are: 979-01, AYIDNVYKF and 979.02, AYIDNYNKF 
The results of experiments in which the % bound of these two 
peptides as a function of input MHC was measured are shown in 
Pig. 12. in both cases, 10-15% binding was obtained with as 
little as 20-50 nM MHC. cold inhibition experiments (Fig. 
13), limiting MHC concentrations, revealed that the binding 
was readily inhibitable by excess unlabeled peptide, with an 
apparent of 30 and 60 nM, respectively. Further Scatchard ^ 
experiments verified values of 136 nM and 28 nM, respectively 
The apparent % of available receptor (active MHC) were 8 3% 
and 7.4%, respectively (Fig. 9a and b) . on the basis of 'these 
data, peptide 979.02 was arbitrarily selected as standard 
label indicator for A24 assays. Furthermore, on the basis of 
the data herein described, we also conclude that the goal of 
establishing an A24-specific binding assay has been 
accomplished, m conclusion, specific assays for the five 
major HIA alleles have been described. 



Exanpl*> Iff 
Expansion of ht.i^ ft H^rifr 

ii. vitro binding assays allows one to 
readily quantitate In vitro the binding capacity of various 
synthetic peptides to the various alleles of interest 
A2, A3, All, and A24). This allows verification of the 
correctness of the motifs by means of peptides carrying the 
varxous HIA A motifs for their capacity to bind pu^f iL ^ 

X:::ti:' T'^''^' ^^^^'^^^ synthesized with specie 

HLA motifs embedded in a neutral backbone composed of only 
alanine residues. m some cases, a K residue was also 
xntroduced within the sequence, with the purpose of increasing 
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d«ip«. With . hydrophobic residue' i„ position . 
positive Charge (K, in position 9. Thus, to verify that the 
presence of these two anchor residues would allbw/in the 
context Of a poly A badcbone, for binding, the po^ a 

10 analog with the seguenc. AMAAAAAAK w.s synthesized ,^bL 

w.„ , ^^""^5^' "^P""**" *«ryirij other 

were also synthesized and tested f«r HLA binding, it wa^ 

fou^ that in all cases, the Presence of the specific^ 

IS ^^^-^ ^^ "^n^^-^ the r^lev^n^ al^e 

IS with estipaled K, cc»prised ,df between 125 and 2.8 n« ' 

most cases, the binding also hbsoluteiV specif if' , " 
- "^"f^? .V,. det^d to irrel.v.i,t ilieL"^''^^'^: 
exceptions 3:0 this general rule We^*iotserVid. ^ 
20 ?^*'''"^^-«~<^- .xtehsively With ea^ ith^r 

Sri'" — " ■ -^"^^^ Q.e fact that°2r' ' 

-otifs for these two alleles are rei.arkably siiiE iLna 

af^Lit-*^^'*^'' —^«a«ed. albeit withLbh l"^ ' 
affinities, on All and A3. 2. 



25 



30 
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(Table 14). These anaWo „ - synthesized 

s-o ^ ana 9 in the previous Tahiti Th« ,^ 

Obtained illustrate that motifs of 1. ^^siduls Je ^ 
capable of specif icaiiy »,i„,,„, th^'rele^t^laL i" 
alleles, albeit with a slightly lower efficiency 

m sumnary, these data conf ir(i tiiat hoi-i, « 
10-»er peptides which contain the appr^pr^te m^if "" 
HI*, on the basis of these data, ^^L^^^^^^l:^ 



wo 94/03205 



PCT/US93/07421 



60 



should also be capable of binding, even if perhaps with lower 
affinities. 

The data described above show that the presence of 
certain residues in the anchor positions does allow (at least 
in a "neutral" poly A backbone) for HIA binding. To 
investigate to what degree other amino acids (for example, 
chemically related amino acids) might be tolerated in these 
crucial anchor positions, analogs of some of the poly a 
peptides from Table 13 were synthesized, in which the residue 
present in position 2 (or 3) or 9 was varied. The results of 
this analysis are shown in Tables 15-19. 

In the case of A3. 2 (Table 15), in position 2, L, M, 
I, V, S, A, T, and F were found to be preferred (binding ^ o.'l 
relative to previously defined anchor residues), while c, G, 
and D were permitted (binding ^ o.Ol to O.i relative to 
previously defined anchor residues). The substiution of E, 
because of its similarity to D, in this position should also 
be tolerated. in position 9, K, R, and Y were preferred. 
Because of a similarity in nature, that H and F should also be 
preferred. No other residue was tolerated in position 9 for 
A3 binding. 

in the case of All (Table 16) , the preferred residues 
xn position 2 were L, M, I, V, A, S, T, G, N (L and Q by 
similarity) . Tolerated were c, F, D (and E by similarity) 
in position 9, K was preferred and R was tolerated. H should 
also be tolerated by similarity. 

in the case of A24 (Table 17) , y and F were preferred 
in position 2 (and W by similarity); no other residue was 
tolerated, m position 9, F, I, and L were preferred (and w 
and M by extension) . Mo other residue was tolerated. 

In the case of Al, three different anchor residues 
had previously been defined. The results shown in the 
preceding section show that they act independently of each 
other (i.e., that two out of three anchors would be sufficient 
for binding) . This is indeed the case. For this reason 
analogs containing two anchors were synthesized to define what 

t::^:: ^^^'^^^^ position. 

The data shown xn Table 18 show that in position 2, T, s, and 
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^ 50 o^er residue :is tb'l^irat&i. m 

- P^^'^i^Ti^^^^^^-T^^*^ ^^^^^^^^ (and T 

.^^^"^^L^J^ i^^<«l^ibh*^, only V 

(ik^^^ ■ appeat^s W^ lMlerated 

r.^i^ °" "^^^^ ^^"^^ concluded that 

peptides c^ing any- combination of two preferred residues 
can bind. Peptides containing ^imperfect" aotifs i e 
carrying a preferred residue at one position and a 'tolerated 
one at the other anchor position, should also be capable of 
binding, even if with somewhat lower affiftity. Using the 
"otifs Of this invention for.various MHC diss 1 alleles amino 
acid sequences frc^^rious.^iral and tumbr-relat^ protein 
v^re analyzed for the presence pf motif s. The result of ^is 
motif analysis is showi>, in, Table :23: a - Jc. 

Validation «f ffT, 




of HPy Tfi P«»r.f.^^^« 

pathogenesis ol Mogenitai cancer. Kiroibcy. I84.9, . 

(1991) Viruses HuiMm eancersv Science, 254:1167) 
cervical cancer is the second most common caus^ of " * 

cancer^related death in females worldwide (Parkin d m 

I^ara, E. , and Muir, c. s. (1988) E«ti»«4. - ' 
« • *». ixvHBj, Estimates of the woi-i>4u«<4^ 

fregu«,=y of .i«ee„ ..ajor cancers in ,1980) . iT ""'^""^ 
41 = 184). HPV DKA is present in «,re than 9« of 
carcinoriis «^ predoninantly of thl H^s oen^!^^°^ 

POX, H. s. , ter Schegget, 3.. a„a „a„cs, H. H. <iS9b. 
Detection and t„in, pf h^an papillomavirus h a'=^ Li 
cervical^cahcer speci»ene by DHA «i*lif Ication ^2!^ ^ 
primers. V:,. ,ati. cancer xn.t; vjj^:^:^ '^^^ 
«alhoo.ers. , Kenenans/p" L^Mei^er, 
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C. J. L. M. (1991) . Difference in prevalence of human 
papillomavirus genotypes in cytomorphologically normal smears 
is associated with a history of cervical intraepithetal 
neoplasia. Int, J, cancer. 48:404). The ability of HPV 16 
early region 6 and 7 (E6, E7) open reading frames to in vitro 
immortalize rodent cells (Yasumoto, S., Burkhardt, A.L., 
Doniger, J., and OiPaolo, J.A. (1986). Human Papillomaviruses 
type 16 DNA induced malignant transformation of NIH3T3 cells. 
J^. Vlx-ol, 57:572) and human keratinocytes (Pirisi. l. 
Yasumoto, S., Feller, M. , Doniger, J., and DiPaolo, j.a. 
(1987) . Trans-formation of human fibroblasts and 
keratinocytes with human papillomavirus type 16 DNA. j". 
V^ix-oi^ 61:1061) and to transform human fibroblasts (Smits, H. 
L., Raadsheer, E. , Rood, I., Mehendale, s. , Slater, R. m. ,' van 
der Noordaa, J., and ter Schegget, J. (1988). Induction of 
anchorage-independent growth of human embryonic fibroblasts 
with a deletion in the short arm of chromosome li. j, v^Uroi 
62:4538) suggests direct involvement of HPV 16 in the 
multi-step process of cervical carcinogenesis. 

In general T cell immunity, in particular mediated by 
cytotoxic T lymphocytes (CTL) is important in the defense 
against virus-induced tumors (Melief, c. J. (i992) . Tumor 
eradication by adoptive transfer of cytotoxic T lymphocytes 
Adv. OuiaerRBs. 58:143; Melief, c. J. , and Kast, W. m. 
(1992). Lessons from T cell responses to virus induced tumors 
for cancer eradication in general. Cancer Surv. 13-81) 
Recently in a mouse model, it was reported that some dern^ee of 

!r!r^r °" "^""'^^ "^'^ " ^^^"-""9 ^-^ors can be obtained 
with CTL after immunization with HPV 16 E7 expressing cells 
(Chen. L., Thomas, E, K., Hu, S. L. , HellstrSm, i., and 
Hellstrom, K. E. (1991). Human papillomavirus type 16 
nucleoprotein E7 is a tumor rejection antigen. Proc. ^ati . 
Acad. sai. 88:li0; Chen, L. , Ashe, s., Brady, W. A. 

r''!nr^; I-<ibetter, J. a,, ^cGowan, 

P., and Linsley, p. s. (1992). Costimulation of Antitumor 
immunity by the B7 counterreceptor for the T lymphocyte 
molecules CD28 and CTLA-4. Cell. 71:1093). m vivo 
protection by CTL was recently shown in mouse models in which 
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"HOC; J»4tl. Jicad. sal. OSA.SS!.991, K«.t, W. K., fegL I, " 
Curren, J.. b1o«, h. J, j.. Vpordouv, A. ' c; » Miieon, R h 

against lethal Sandai virus iitf action by in vivo pricing 
iO I^ir** T ly^hocytas with an unbound 

peptide i*c«r. j,atl.^»cad. sai. 0SA. 88 = 2283). Moreover in a 
-ousa «od.l it has now been shown that ooi.plete proiec^L 
against «.v i« induced tutors can be achieved by plp^I^e 
vaccination With . cxz. epit^ derived f ^. the vL!i oncogene 

d.sl*.« f^^ " " gane products are the .ost 

r^r ^! "^- yccination against HPV 16 

" ^T^'^'^ '^'^ <^^^^ ^ (B-^. C. i. , Phelps w 

riM71 . structural and transraMptional ahalyiis of tL^ 
papillo^v^r^s type U eeguences in cervicSl ca^cfl£ W 
J^i^"-"' «^tistein. P. o 

'"".":f'>¥°? P.pillo«.virUs tii*- 16 eLiv 

: . , genes in * ceiVical cancer „d cano«:-derivia calf liiT^ 
i^ntif ication or the ^ protein. p„c. W 

cellular transformation in vitro (Crook T - 

P (?r>»t^«!ii«^^ ♦ * iwrooK, T. , Morgenstern, J, 

P., Crawford, X., and Banks, L. ri989i ^. " 

S"L"^T1 « °' ==-trans.or^ by hpv!!* p,„. 

auppert, N. L., Lowy, D. R. , and Schiller J t r-.«o«, 
16 E6 and E7 proteins cooperate to I^oZL^V ^ ^"^^^^^ 
Xeratinoc^es: EMBO j 1 ^ preskin 

Of cell i^es a^i?^^- dependence Of in vitro, growth 

(Von Knebel Doeberitz M b.»v carcxnoma cell lines 

eberxtz, M, , Bauknect, t. , Bartch, D. , and zur 
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H«ueen, H (1,91,. i„fi„e„ce of chro»oso«,l integration on 

p^»rrr:^'r"'"'"'"^' t^nscription o. ^.^.Zi..,.,n 

papillomavirus genes E6 and E7 i„ cervical carcinoma cells 
! ^ 88.1411). To deteraine the CTL 

. epitope, a^l potential vaccine candidates of HPV xs for 

hu««s, we screened peptide, spanning the HPV is ES and E7 
protein sequences for their ability to bind to the most 
frequent human MBC molecules, namely HLA-Al, A3. 2, All 2 .„d 
A24 combined these five .llele. „ii, cove; abou; *o\ of^e 
world population (Dupont, B. , ed. f 19871 r™ , 

vol. 1 - HiatocompatlbiUty Teswna .^'^"''^ « «" 

York) . ^"iilty Testing. Sprxnger-Verlag, Mew 

Of 9 aa len^"""?' overlapping synthetic peptide. 

Of 9 aa length and 8 aa overlap covering the entire hpv ifi « 
and E7 oncogene sequence, were synthesized Z 
tested for their -h(n* The peptides were 

molecule irr^! I ^' aforementioned 

olecules m the binding assay described above. The results 
Of this analysis show the relative affinity of .1, ! f 

c^diTt"""'"^- "v.a"«>:'pos3irir"^" 
^arr: z.ti:::%%i- — for 

described r^"" ' P'P*"" "inOin^ motif 

=^i^^^^— ^^^^^^^ 

=e:'s:trpip\'rdr r~^- -etirrr tzr:. 

analyse, were u^:d\T.";iu1::e^r::i:: oTth"""" '"^'"^ 
tor their predictive capacities^ th ""^"^ 
.^.ular anchor aa ^.^dues" -^sr^—tr TJTI . 

strategiesT'/^-itipr pepti":" 'T""^" ""^ 

repeated cycles .T.::.r.^T,.ZT'^ Tt""" ""^ 
«ids to a resin of polystyrene wasXr^rer: """^ 
P»oc-deprotection procedure (Oausepohl H vl .t 
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ESCOM, Leiden. 1003-iq^04.L., ^B^Bpt±dBBm^^m-^i^ 

Of 240 peptides of 9 aa in lenc^H ^ A complete set 

^0 bpund to HIA-*i. .ol.euie» W " "^"^ m « that 
, fSen that 2 peptides bound vlth hl^h ^.T ^* 

oo.i.- « With 

aMlpity (0.01-0.001, . Peptide, w ' 
as allc^. co,npa^l„« 6f data ^b^i! . '"^'^ "*=*^ ^l"' to 

tbe con:::::.^^'::::;-^ 

« sq% inhibition dose (ic , on. h . "ecessary to yield 

th? standard lc„ by the r^li! T ^^^^ =' 

.3.. ^lelTe;. ^re^^^^ P^Ptl.^ t^t bound to 
•"inlty binders, e ™ ^t^!!- !" " "^h ^ 

lo» a„inlty binders" lZT^\T^"':tl' ""^^ '"^ " « 
/••ound to BA-Aii., «,ie=^s ""^ P^Ptide^ that 

35 Identifl^,, 4 interMedirS ri,i^" '""""^ P^P'^es ware 

•If inlty binders Two . * binders and 10 low 

Poptides with a V at ° '"""^ 

. t the 9th posit^n (E6-« OOtLRSEvv-, £6-69 
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VADKAUCFY) were identified for HLA-A11.2 Considering the high 
binding strength of the first two peptides and the similarity 
between the HLA-A11.2 motif and the HIA-A3.2 motif in which 
Y's are preferred at the 9th aa position, tyrosines should be 
included at the 9th position in the HLA-All.2 motif. Comparing 
Tables 21(b) and (c) it is clear that there is a large overlap 
of peptides that bound to both A3. 2 and All. 2 molecules 
Eighteen out of 28 E6 and E7 peptides binding to these two HLA 
molecules overlapped and only 8 peptides were unique for HLA- 
A3.2 and 2 peptides unique for HLA-All.2. 

Finally, Table 20(d) describes the peptides that 
bound to H1A-A24 molecules. Here 2 peptides were identified 
as high affinity binding peptides, 5 as intermediate affinity 
binding peptides and 5 as low binding peptides. One high 
affinity peptide (E6-72 KALKFYSKI) and one intermediate 
affinity peptide (E7-49 RAHYNIVTF) were identified, indicating 
that an A at the second position should be allowed in the HIA- 
A24 motif. All these inclusions are indicated in Table 20-e 
in analyzing these tables it can be concluded that between 2 
and 7 high affinity binding peptides were identified for all 
Of the tested HIA-A molecules. Occasionally some peptides 

IT^.TT^^^l ^^^^^ ^"^^'^^^ and 

E6.79), bound to HIA.A2.1, A3 . 2 and A11.2. One peptide (E6- 

and i ^"-^ P-P^i<»- (E6-69 

and E6-80) bound to HIA-ai, A3. 2 and All. 2. But these 

crossreactive peptides bound only weakly to one or more of the 
different HLA molecules, in general, however, it can be 
concluded that, except for HIA.A3.2 and HLA.All.2 molecules 
almost all HLA molecules bind unique peptides. 
un^i. . ^«^i<*«tion Of HLA-A peptide binding motifs with an 
unhxased set of hpv 16 E6 and B7 peptides, 

described Tn'JL''''"'' ^^^^ ^he motifs for anchor positions 

described xn thxs invention predicted the binding of a 
peptide, and also the reverse: how well binding peptides 

ranked as high binders, intermediate binders, wea3c binders 
and negative binders and for each peptide th; motif pr el"; ion 
based on the anchor motif rules of Table 6 were analyLd ^he 
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per«mt of those peptides that were predlcted^oC 
.ctu..., di. not ..„d 1. ver. xo, ,o.' .xltL^lLlrT' 

bihd to H^i'^^^Atrrrr"'^ " peptides predicted to 

affinity ^/r!r"r ^ f^«> "Igh intermediate 

^xxAxiity. THIS indicates that onlv a f^«i* 

to be^de to find these potentrri c^ ".!^^"^^ 

respectiveix. This l^p^s that t^e ^^^^^^^ 

of these alleles Is oood - the Predictive value for all 

«^t,had not he:„^IS;ed^^ ^^^Lt^^:^^^"-- 
in MbiiW 21(a) - ,dl . - ! *^ """^ibed motifs, 
predicted by thi 2 ' .J ""^ « Peptidei that were 

-icatm, Lt i.:;iK:'trr:^=^::*^,:f^7^^% 

peptide. ^ " contributions to th^ bi„ai„, „^ . 



bind to the relevant HIA aje^s 1! P-PtiO-i to 

potential target ^l.^^^^J^^^^ ^' ^^^'^f 

■Otlf-contalnlng peptides Th. Presence of 

-ynthesl„d and'te's^ed bWr .T-^'l " — 

t>»t in the case Of o„iy 3T """le ?0, 

bound „i^ high affinity ^J^l Tsl IT 

tbe. bound With intermediate .ffinr:i:: ™nr^ Zt^-L 
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range), while 34.6% bound weaJcly (in the 500 nM to 50 
range). Finally, 23.9% of them did not bind at all, at least 
up to the 50 MM level. m the case of All, 33 (33%) of the 

5 3'5» ITT^'^"^^ "^"^ ""^"'^^ 1 to 50 nM range. 

5 35% of them bound with intermediate affinities (in the 5o nM 
range.), while 24% bound weaJcly (in the 500 nM to 50 mM 
range). Finally, 8% of them did not bind at all, at least up 
to the 50 fiM level. ^ 

Similar results were also obtained (data not shown) 
3 m the case of Al and A24. 

The same type of analysis were also performed in the 
case Of lo-mer peptides carrying either the A3. 2, and All 
motifs (Tables 22(a) and (b) ) . it was found that in these 
cases, the frequency of good binders was even lower (17 5% 
and 29.8%, respectively). These data confirm the fact «»at 
motif-containing lo-mer peptides can indeed bind, albeit with 
m general, reduced affinity. ' 

in summary, the data shown in this section clearlv 
iTf^T.""^ ''"^^'^^^ °^ residues rnot 

presence o, certain reeiduee (i„ positions other th„ 2 ^ „ 

speci^c :r„rrr ™ i r rrtriirr lirrrr 

containing peptides, peptides that are i»..uno^e;ir ^e III 

wanted to devise an aXternative .trate„, r,Jl"':: d^iv. 

procedure, that «„id be .hie to predict, withi^ „oti" 

=ont.i„xn, peptides, which peptides might be good or 

intermediate binders and therebv »io,h*\, • 

tnereby might be inmunoaeni>7 t« 

other experiments not showri' intermedl.te or good bin!' k 
been shown to be immunogenic, in perticuilr to identC 
residues th.t h.ve a negative impact on binllna 
all positions for A3 2 . ,! <"> analysis of 

p.ptides both r ""^ »°tit-containing 

peptides, both 9-mers and 10-mers is carried out. in 



In ^he case 
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^" "•"'" n-iiii r 

m light Of results preaanted In Bcaiml, i, 
.l9orlth»s «re developed to provide . „re ex.« o ' 
bl«,lh, bised upon the effects Of dl«er«t^r!/ ' " 

position « . peptide serene.. In eL"": "l^r:^,:'* 
conserved residues. More speoifieeliy. „e utuSe " 

3,11 or 24 motif containing peptides to d«v«V^ 

for "^,?articul„ allele'wh^S. f::i^^\^':^^^:tL'"" 
Mina ecld «t ea=h position elon, . peptide "^ 
each residue is taken the ratL of '<« 
residue 1« ^ int^^.^^J^^J^'^^' 

occurrence Of that residue .in non,bi„I"s ^^^'^ »' 

b. sl,!,^^ ^^Idlrr:^^- -^.^oupld 
rare residuas, sucK as trypto^L:r"l-:,^~--J*^ so.e 

conserved residues that define th.irLtiru/l^ot^I^'^-^"'^ 
peptide is scored In the algorithm, as a T " 

Of each of its residues. P"auct of the scores 

is further'td'rrn^ h" i'^'r^^rtrt ^^ "^^^ 

Of peptide, vlth the hl^hesl V^mation 
one were to reiv f^^^ » , '^ence or good binders. . if 

predicting ^ ^^^^^t^r 

tl>e large «aber of p„tL" " specific ffic .Hele 

predicted to be glfd^rrL"" ^T^T':' -<^«10 be 

percentage of these Peptides are^rd In^-^^ 
larger percentage are inter-ediat! .b^n!^^.r * 
larger percentage of the """Oers, vfcHe a stUl 

Of the peptides predicted by the »otif are 
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either weak or non-binding peptides. In contrast, using the 
grouped algorithm of this invention a population of peptides 
are created with a greater percentage of good binders, a still 
greater percentage of intermediate binders, and a smaller 
percentage, relative to that predicted by motif -containing 
peptides, are weaX and non-binders. 

The present example of an algorithm uses the ratio of 
the frequency of occurrence of an amino acid in binders and 
non-binders to measure the impact of a particular residue at 
each position of a peptide. It is immediately apparent to one 
Of ordinary skill in the art that there are alternative ways 
of creating a similar algorithm. For example, one could use 
average binding affinity values, or relative binding of single 
amxno acid substitutions in a motif containing peptide with a 
poly-alanine backbone to generate an algorithm table. 

An algorithm using average binding affinity has the 
advantage of including all of the peptides in the analysis 
and not just good/ intermediate binders and non-binders 
Moreover, it gives a more quantitative measure of affinity 
than the simpler group ratio algorithm. We create such an 
algorithm by calculating for each amino acid, by position, the 
average log of binding when that particular residue occurs in 
our set Of motif containing peptides. The algorithm score for 
a peptide is then taken as the sum of the scores by position 
for each of its residues. 

Examnlg ia 

e rgpamiPn of pffPrtiyg HT . ft flnMP-.»e.s^^. „nti -T- n 

i K ""^^^ ^'^^Ple demonstrates the use of cold temperature 
incubation or acid stripping/ peptide loading method to prepare 
effective HLA-allele-specif ic antigen presenting cells 7^17 
The APC were used to sensitize precursor cytotoxic T * 
lymphocytes Which led to the development of antigen-specific 
cytotoxic cells. This was accomplished using either 
Phytohemaglutinin (PHA, T-cell blasts or peripheral blood 
mononuclear cells (PBMC, or staphylococcus aureus Cowan I 

otner AFC and to the other MHC alleles. 



materials used i„ 

'^^'-W'-:^^^ ^ -^ISft^r'^^. BaJcer,. Phillipsburg, 

Antl-HIA A2 (BB7.2) , cat #HB82; ATCC, RoOcville, MD. 
Anti-mA DR (LB3.1), from J. corta. Children's 
Hospital, Pittsbiirgh, PA. 

Anti-HLA Alpha chain pan ABC (9.12. i), froa r 
DfiMars, University of Wisconsin, Hadison, wi. 
^ni7!^Z^. ^^"^ conjugate,, ct /P2S83. sig^, st. 

^inicroglohulin/ cat /i^Gi^^^ San Diego, 

BSX fiction V, cat .#A94a8> Sigiia/^ St. Louis, mo. 
50CC conic^ ce,,trifuge tubes, cat #2070, Falcon, 
Lincoln, Park, NJ. 

^ l-«?>ree2ing container. Cat #5100-0001, Nalge 
Rochester, NY. ««ige, 

Cryovl.i, Q,t «poo,ooi2, N.lg.. Rochester, HV. 

DNAse, cat /26P912, c.lblocheB, SSh Diego, CA 

H-4SP ,o.t .„W.^„.._i^; ^iioioe, 
Dynal, Great Neck, NY. ; ' 

tetrasodiua salt. Cat #ED4SS;^i^, St. Louis, 

FACScan, Bectpn Picdcinson, san Jbse^ CA 
-tal^cal.^3«^ 

Flcoll-Pague, Cat #17:0340.03, x^e^^i,, Piscataway, 

Gentanicin, cat #60O-57S0AD, Gibco Gr««^ r , 
-L-Glutamine Cat #9317 t ; ^^l^nd, ny. 

^ xne, cat #9317, Irvine; sciehtific, Irvine, 

^«.6KR centrifuge, Be<*^n xn.tru.«^^^^ 

Human AB serim (hs) , cat #100-112, G^ini ^ 
Bioproducts, Calabasas, CA. ' 
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Human rIL-2, sandoz, Basel, Switzerland. 
Human rlL-7, Cat /Fl-1587-1, Genzyme, Cambridge, MA. 
Isopropanol, Cat /A464-4, Fisher Scientific, 
Pittsburgh, PA. 

MicroCELLector T-150 culture flask for selection of 
CD4+ cells, cat /8030, Applied Immune Sciences, Menlo 
Park, CA. 

Micromedic automatic gamma counter, ICN Micromedics 
Systems, Hunts ville, AL. 

0KT4 hybridoma supernatant. Cat /CRL 8002, ATCC 

Rockville, MD. 
Paraformaldehyde, Cat /T-353, Fisher, Pittsburgh, pa. 
PBS calcium and magnesium free (CMF) , Cat /17-516B 
BioWhittaker, Walkersville, MD. 

Peptides used in this study were synthesized at Cytel 
and described in Table 24 a. 

Phytohemagglutinin (PHA) , Cat /HA-16, Wellcome, 
Dartford, England. 

RPMI 1640 + Hepes + glutamine. Cat /12-115B, 
BioWhittaker, Walkersville, MD. 
RPMI 1640 + Hepes + glutamine. Cat /380-24OOAJ, 
Gibco, Grand Island, NY, 

Sodium chloride (NaCl) , cat /3624-05, J.T. Baker, 
Phillipsburg, NJ. 

Sodium (Sicr) chromate. Cat /NEZ 030, NEN, 
Wilmington, DE. 

Sodium phosphate monobasic. Cat /S9638, Sigma, St. 
Louis, MO. 

Triton X-lOO, cat «-l00, Sigma, St. Louis, MO. 
24 well tissue culture plate. Cat /3047, Falcon, 
Becton Dickinson, San Jose, CA. 

96 well U-bottomed cluster plate. Cat /3799, costar 
Cambridge, MA. ' 

Si^l'TLoTr" i'-^^^i"' were done in 

RTOI 1640 + Hepes + glutamine (Gibco) supplemented with 2 m 

12 ZT"" ?=i"ti£ic, , 50 Mg/„i gent.„icin (Gibco) , 

ana 5% hest inactivated pooled human Type AB serum ,Oemi„i 
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. ^^^^''^^^^^-I^iaE^^ and 

> (irvxne Sci^tlflc, f rpmi/io% fcs) . chrbMiuia release assays 
were perfornisd in RPMI/io* FCS. 

w.. us«i at . f i„r concentration of lo v/ml. Reconbinuit 
hui™. l„terl.„kl„-7 (ra-7, <G«,zy.e, was used at a fi"" 
concentration of lo ng/ml. 

Isolation or i^ipftaral Mood Wononuclear cills >ra«£.. , 
^ood cpU,ctM 1, ne^ln tao u,«, .ontaiJ™"^Cr 

and 1. 1^ Of the b„«y coat > collected »ith a lo Bl piiett! 
using a circ^l^ action. Th^ butty 

«a -iluted>,itn ,an „ual volu.. o^ e^ "i^^gkl W - 
dilute buf«y coal; was then layered over 20 il ^^i,"* 

^ar^cia,; ,in a so., cpnical Le ««^e^:.w4*d"wrn%or 
It " temperature «lth the brake 6«. 

Plcoll-plasna Interface containln, W pbmc^ collected 
usln, a transfer pipet, (two, interfaces per SOcc taller! 
-^..d t^ee t,,e, .0^1-^ 

=yxovi.i, ,„al,., . cryovials „Le^i;e^ w^:^f!^^''"^''' 

containers (Malge) containing isopropahol f^i^ . - ^^'^'^ 
at -7o»c .. .. , ^ . "opropanoi (Pisber) and placed 

t 70 c f rom A hr (BinlmuB, to overnight (iascimu.) 
Isopropanol was changed after every s usei J^l ' , 
transferred to liquid, nltri,en fo^l6„at^ ^ —^ 
were thawed by continuous ^sLking 4^.^^^^^^^ ^'^ 

diluted into serum free rpkt ^.^^i, . < ■ ^^^-^^T^f^y 

(to avoid ciWl^) r"lW^h f ^^^'"' °'^"^ 
xumping; (Calbiochem) , and washed twice. 
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Depletion of Lymphocyte Suhpopulations . CD4 lyinphocyt:e 
depletion was performed using antibody-coated flasks: 
MicroCELLector T-150 flasks for the selection of CD4+ cells 
(Applied Immune Sciences) were washed according to the 
manufacturer's instructions with 25 ml PBS CMF + 1 mM EDTA 
(Sigma) by swirling flasks for 30 sec followed by incubation 
for 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional times by shaking 
the flasks for 30 sec and maintaining coverage of the binding 
surface. To each washed flask, 25 ml culture medium + 5% HS 
were added and incubated for 20 min at room temperature on a 
flat surface. Media was left in the flask until it was ready 
to receive the cells, PBMC were thawed in RPMI/5% HS 
containing 30 ng/ml DNAse, and washed twice. HS in the wash 
blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
lO"' cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector. Flasks 
containing the cells were incubated for 1 hr at room 
temperature on a flat surface. At the end of the incubation, 
the flask was gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CMF to collect the nonadherent cells. Harvested 
CD4-depleted cells were pelleted by centrif ugation and 
resuspended in complete culture medium (RPMI/5%/hs) . 

Generation of PHA Blasts. PBMC were isolated using the 
standard Ficoll-Paque protocol. Frozen cells were washed 
twice before use. Cells were cultured at 2 x 10«/inl in 
RPMI/5% HS containing 1 ^g/ml PHA (Wellcome) and 10 U/ml 
rlL-2. PHA blasts were maintained in culture medium 
containing 10 U/ml r lL-2 with feeding and splitting as 
needed. PHA blasts were used as APC on day 6 of culture 
Generation of empty class I molecules and peptide loading were 
only performed by the acid strip method when using these APC 
Acid Stripping/Peptide Loading of PBMC and PHA Blasts, pbmc' 
were isolated using the Ficoll-Pague protocol. When using 
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'«»fi*4-ui^-r PHA blasts 

■ - ■ '-^^ <a.*v , ■ 

S eonic.1 eentrifug. tut., the cell, were resuspe^ied at io'/.a 

10 'r^' ' " S v»la»es Of cold 

10 sterile neutrelizlo, buff„ « lo.is M sediu* phosphate^ 

P^S^eJ" " ' """^ ''^=ro,lobull„.T;,/.l 

peptxdej were adtfed, «^ th. cells were pelleted it 150^ ™ 

' w9-e xs^uspended 1„ 1 voluie coid sM^' 

^ "-""-lining buffer « ,tPBS CMF,, i.-BS*, 30 lti/*l'°^L! T 

" :^/"V^'^'"»'^°'>«fi'>.^^^ a«. IniSaSTfor . 

: ?-^f^^^^ « "0,9 xpi. *or :s 

<»>«>er.ture and re.uspcM,ded In culture .edlta. acid 

T*:''^r'*?e-P'i<>« were used i»iedlat^' in le 

induetloia Cultures -"^""ly in the CTL 

xnduction Of Prinarj. CTL uslns .Acid strispod/Pebtia. V - . 
A«olo.ou. ^i,es o^ ,H.:.,s.t. as ^lf:::L'rx"S ' 

^•^"^ tne last: 4 hr incubation of ef-<t««.«i 
;;^P«Pti^^, t.v^;»sionder c.wl.opui:,:^^:^'^-^- 
"esponder. were PB«C that w«e depleted of cirt* Lu" 

e-^Pe^sion w.e dl^^sed l::io e^:^.:^ 

culture blate ^' . * a well tissue 

Placed i:ia:;r^:i":ri:T'- tiT' ""'"^^^ 
^ «.s.ead^/p^g^i^,::,::^:^;--^ 

resuspended In culture m^ium contalnina V ""^^ 

. 10«/»1 f or the PBHc; or at' 3 X lo^li "TJ *'""^ '*^7 •» 
«ofstWator«.ii:sus^slon°^a::^^ ^ 
Plates contal„in, t.e re,ponders. On. da. /afiS U:ct^:„, , 
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100 Ml cultiire medium containing 200 ng/ml rlL-7 was added to 
each well (20 ng/well rlL-7 final) . On day lo after 
induction, 100 nl of culture medium containing 200 U/ml rIL-2 
was added to each well (20 U/well rlL-2 final) . 

Antigren RBstimulation of CTL, On day 12-14 after the 
induction, the primary CTL were restimulated with peptide 
using adherent APC. Autologous PBMC were thawed and washed as 
described above, cells were irradiated at 6000 rads. cells 
were pelleted and resuspended in cultiire medium at 4 x 10^/ml. 
1 ml of cell suspension was added to each well of a 24-well 
tissue culture plate, and incubated for 2 hrs at 37 -c, 5% co 
Non-adherent cells were removed by washing each well three 
times with serum free RPMI. After this step, a 0.5 ml culture 
medium containing 3 ng/ml /Sjmicroglobulin and 20 ng/ml total 
peptide was added to each well. APC were incubated for 2 hrs 
at 370C, under 5% COj with the peptide and ^zmicroglobulin. 
Wells were aspirated and 1 ml of responder cells at 1.5 x 
10*/ml in culture medium was added to each well. After 2 
days, 1 ml of culture medium containing 20 U/ml rIL-2 was 
added to each well. 



cytotoxicity Chromium RelBase Assay. Seven days following 
restimulation of primary induction, the cytotoxic activity of 
the cultures was assessed. 

*• EffegtPr Cg ll Prppqrntiryn t the responders, 
which at this stage are renamed "effectors", were centrifuged 
and resuspended at lO^nl in RPMI/10% PCS. Three-fold serial 
dilutions of effectors were performed to yield effector to 
target ratios of 100:1, 33:1, iiti, and 3:1. Effector cells 
were aliquoted at 100 ^l/well on 96 well U-bottomed cluster 
plates (Costar) , in duplicate. 

Target gftH PrePf^riltinn : Approximately 16-20 
hrs prior to the assay, target cells were resuspended at 3 x 
10 /ml in RPMI/10% PCS in the presence or absence of 3 ng/ml 
^jna-croglobulin and lo ng/ml total peptide. After 
preincubation, target cells were centrifuged and pellets were 
resuspended in 200 nl (300MCi) sodium (Slcr) chromate (MEN). 
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,^^^^^^^^3^ Vfmm^^SbBd^ 2^^iM^^wm&'PPist/i0\ PCS. 

- ■■.i,yi-:iiX^' ^^^ ^ "'T^ffP-:^hg ftf^p?^Yf« Tartest: ceil c^^ 

were added to each ve^l containing respondeirs.^ K562 cells 
(cold targets, to blpcJc NK, and lAK activity) Were Washed and 
resuspended in RPMl/lOt PCS at lo'/ml. Aliquots of izo m1 were 
added per well, yielding a 20:1 of cold K562 target Mabelled 
target. Por the determination of the spontaneous s^cr 
release, lOO Ml/well of RPMI/10% PCS were added to lOO /il/well 
of labelled target cells, and 20 ^l/well of K562. Por naxinua 

Cr release, lop Ml 1% Triton X-IOO (Sigaa) in PBS dfF, was 
added to the lop /fl/well labelled target cells, i and 20 ^l/well 
K562. Plates were centrifuged f or 2 ain at 1200 rpn tib 
accelerate cell cpnjugate formation. Assays were incubated 

S ,*^ »t 37»C, ,5%^ Cflj. Assays were harvested by 
""^^^ '^^^^^^ for 5 min at 1200 rpm and coliectihg 100 
Ml/well of supernatant. .Standard gamma counting tec^iques 
were used to determine percent specif ic lysis (Microiiiedic 
automatic gamna cpunter ,0.5 min per tub4) . 

culltured ICeli Lines, jy, a HLA A2.i expressing l.»^an 
EBV-trahsformed B-c^ll line, was grown in RPMl/io% PCS. K562 
a^NK cell sensitive erythroblastpma line was grown in Rl^Ml/loi 

^'^" ^"^ bacxground killing by NK and LAK 

cells in the chromium release assays^ 

Peptides. The peptides used in these studies were synthesized 
at cytel and their sequences are described in Table 24 a 
Peptides were routinely diluted in 100% DMSO at 20 mg/mi* 

aliqiioted, and stored at -20«C. ' 

"I • ■ 

FACS Analysis. Xppro).i.n,t.ly 10« cells were used for each 

PB^^" '° "^'"^ "^""-^ "ice With 

PBS^Oro . 0.1, BSA. TO each sample, lo. „1 pbs CHT . o.« 

+ prxMry «,tibody at 2 Mg/»1 (BB7.2, atcc, or (9.12 i 

pI^""^' "^wc^) or (LB3.1, Children.; hospital 

Pittsburgh) were added. A negative control was always 
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included. Cells were incubated on ice for 20 min and washed 
twice with PBS CMF + 0.1% BSA. Cells were resuspended in lOO 
Ml anti-mouse IgG FITC conjugate (Sigma), diluted 1:50 in PBS 
CMP +0.1% BSA, and incubated 20 min on ice. Cells were 
washed twice with PBS CMF + 0.1% BSA, and resuspended in PBS 
for FACScan (Becton Dickinson) analysis. When it was 
necessary to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Fisher) and 
analyzed within one week. 

Binding Assays Using Intact Cells and Radiolabelled Peptide. 
JY cells were treated with citrate-phosphate buffer and 
neutralizing buffer /I as described above, jy control cells 
were left untreated in tissue culture media. After treatment 
both cell populations were washed twice with serum free RPMI 
and loaded with "^I-radiolabelled 941.01 (HBcl5-27) peptide 
(standard chloramine T iodination) . To determine binding 
specificity, 2 X 10« cells were resuspended in 200 m1 
neutralizing buffer /2 (described above) containing 

1-941.01 (io5 cpms) +/- 100 fig unlabelled 941. oi. cells 
were incubated for 4 hrs at 20«C and washed twice with serum 
free RPMI to remove free peptide. Cells were resuspended in 
200 m of serum free RPMI. In a microfuge tube the cell 
suspension was layered over an 800 m1 FCS and pelleted by 
centrifugation for 5 sec. Supernatants were aspirated and the 
radioactivity remaining in the pellet was measured (Micromedic 
automatic gamma counter, l min per tube) . 

Example ig 
treatm*»r^t ■ 

Mild acid solutions of pH 3 such as glycine or 
citrate-phosphate buffers have been used by various groups to 
identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is unique in that only the MHC 
Class I molecules are destabilized (and peptides released). 
While all other surface antigens remain intact including MHC 
Class II molecules. Most importantly, treatment of cells with 
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.. J??^ tJii^^exaapie: do „bt Effect: the 
xs rapid since the, strip^^ endooenoMs 



.^.^^ri'-p^-^^%^i^^^^ «nd9genous pept±dgg occurs in 

furictibn ter the Appropriate peptides, are loaded^ m this 
exaaq^le we utilized the technique to make peptide specific 
APCB for the generation of primary antigen-specific CTL. The 
resulting APC were efficient in inducing peptide-specific CD8+ 
CTL* 

Jfeasurements i?^ FACS Analysis. , PHA- induced T-cell blasts were 
acid stripped/peptide loaded accordirig to the methods 
described in Example 15. The resulting cells were stained for 
FACS analysis using anti-lHA-A? (BB7.2) and anti-HLA alpha 
chain-specific (9.12.1) monoclonal antibodies, controls for 
this exper iment included the same cell population - which was 
not teeated at pH 3 (but treated with PBS buffer at ^ 7 2) 
^ ^^^^^^ ^-^^^ vith citrate^phpsphate buffer (to ' strip 
^^ ^ ^^^^ in the absence cf /..microgl^Lin^ 
peptide. The results presented in Figure 15, ihdic^^ that 
^eatment of thesW cells with the citrate-phosphate (1^3) 
buffer significantly reduced (iQ-fold) the reactivity of the 
cells toward both anti-HiA class 1 antibodies alone 
(anti^HlA-A2 and the alpha chain specific,, but not towards a 
monoclonal antibody specific for class II MHC molecule^ 
(anti-HlA-DR, . Most importantly, neutralization Of the 
Pept^^^^ - Pr.s.nee Of /^.microgldbuiin .nd 

peptide resulted xn preservation of a significant amount of 
Class I MHC antibody-reactive sites, with only a 2.5-fold 
decrease in fluorescence intensity. Importantly, the 
acxd-treated cells remained viable, as measured by trypan, blue 
exclusion and forward/ lateral FACS, scatter analysL!^^!^^ 
results were obtained using EBV-transformed B cell liner^ 
fresh (or frozen, Pbmc and other peptides (which bind to' 
exther HIA-A2.1 or ffiA-Al, (data not shown,. 

dfte^^Hf ^""'"^''"^ '° ^^^y /iolecules. To 

determxne the efficiency of peptide loading using the cold 
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temperatxire incubation or acid stripping/peptide loading 
protocol, JY cells (an HIA-A2.1 EBV-transf onaed B cell line) 
were preincubated at 26 'c overnight or acid-stripped to remove 
the endogenous MHC-associated peptides and the loading of 
exogenous peptide was determined using a ^^s^.^^^^qj^^^^^^ 
HIA-A2.1 binding peptide. The specificity of this reaction 
was determined by measuring the inhibition of labelled peptide 
binding using a cold peptide of the same sequence. Results 
presented in Table 24 b demonstrate that acid-treatment of the 
cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the JY cells. 
Furthermore, the binding of labelled peptide was completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown) . 

In Vitro induction of Primary Antigen-Spocilic CTL Using Acid 
Stripped /Peptide Loaded APCS. Additional critical parameters 
for the induction of primary CTL using both the cold 
temperature incubation and acid strip protocol are: i) 
enrichment of CD8+ T-cells in the responder cell population 
(or depletion of CD4+ T-cells), 2) addition of rIL-7 to the 
CTL induction cultures from day 0, and 3) restimulation of the 
cultures with antigen on day 12-14 using autologous adherent 
cells pulsed with peptide. Results presented in Figs. 16 and 
17 show experiments performed using PBMC and PHA-induced T- 
cell blasts as APC. Figure is shows experiments using PHA- 
induced T-cell blasts as APC while Figure 19 shows the use of 
PBMC as APC. 



Example ifi 
>eptjt^«»c8 

^» to identify CTL epitopes, CTL was stimulated 

by SAC-I activated PBMCs as APC. Cold temperature expression 
Of the MHC in Which class i /8.2 -microglobulin complex is 
unstable was utilized in addition to acid stripping to 
generate PBMC APC. 
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9^m^% <^m^ MB^^ The:.tifiBu^.cui€t^ tt^iit^ used in 

penlcilli,,/e^epto»ycin (Irvine, , 5% heat-inibtivaJd 

Hu»an Serum^Type AB (RPHI/5% HS; Ge»ihi Bioi^roductk, . culture 
media used in the growth of EBV.transfor»ed lin^a cionta^ed 
10% heat-inactivated fetal calf seru» (rpki/io» PCs, i^'e, 
Inataad of human serua. -irvine) 

eytOJcliies. ItocoBbinant human lntefleuJan-2 (rlLij) and 
In^arleuW„-4 (riw, wa^e obtained ,ro. sando. uaad at a 
final concanttation of ip »/ml and lo ng/.I, reepWotlvaly 
"^,f^ff'?'?»-^ "™-r) and recombinant hUmin Inierle^in-, 
(riL-7) obtained from G«,zy,e aid used it SO o/il 

ng/al, raspeetively., « 2» and 10 



I^^T^; /'^^ "^^e *W>«**-lzaa at cytel a.fii are 
deBcrib«l in Table 24 a. Peptides were routihely illi„t«, , 
lOO.^ at 20 m,/mi, a,l^oted, and stored a: r^^iTl^" 



Geli-iiais. jy, steinlin< EHH, BVR, and to are h™,=,„ 
hU*aft.^.tra„.f or-ed B cell lines expressZ^''^n°'"A 
A„ and A,,, respectively. They are <n»Wn in^not " 

KMl/10* PCS, was used for reduction of background wiiL i- 
CTL assays. Melanoma cell lines either exp^Lw Se ^I^" 
".tigen, mel 397 and mel 93s, or not expressing 
antigen; mel Ms, were also grown in RHa/io* Pc^ ^ 

isolation Of Peripheral Blood Konohuclear Cells /M«cs. ' 

Whole blobd wis collected into heparin contain!™^ • 

spun in „cc tubes at xeoo' «p„ (sLc^n cs^tS, '^or'is"''" 

-xnutes. '^^ iPlas-a layer ™s then removed an^ 16 , . ' 

coat ve^ collected With a Pipette usih, a ci^^" '"''^ 

n.e buffy coat was mixed wen and diluL w^a^. f 

o. HPMX. The buffy coat ,30 ml, was theT "y^L" Zll ITT 
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Ficoll-Paque (Pharmacia) and centrifuged at 1850 RPM (4 00xg) 
for 20 minutes, 25»C, with the brake off. The interface 
between the Ficoll and the plasma containing the PBMCs was 
recovered with a transfer pipet (two interfaces per 50 ml 
tube) and washed three times with 50 ml of RPMI (1700 1500 
and 1300 RPM for 10 minutes), cells were resuspended ' in 10-20 
ml of culture medium, counted, and adjusted to the appropriate 
concentration . 



FrBBzing PBMCs, 30 million cells/tube (90% FCS/lo* DMSO; 
Sigma) were inserted into a Nalgene Cryo l-c Freezing 
container containing isopropanol (Fisher) and placed at -7o*C 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was changed every five times. Tubes were transferred to 
.Ixquid nitrogen for long term storage. To thaw, pbmcs were 
contxnuously shaken in a 37 -c water bath until the last 
crystal was almost thawed (tubes were not allowed to sit in 
the water bath or at room temperature for any period of time), 
cells were diluted into serum-free RPMI containing 30 ^g/ml 
DNase to prevent clumping by dead cell DMA and washed twice. 

Jnduction Of Primary CTL Using SAC^I Activated PBMCs as APCs 

*• PggParfltlPn nf ftPr -,; PBMCs were purified using the 
standard Ficoll-Paque protocol and resuspended at l x lo«/ml 
xn RPMI/5% FCS containing o.005% Pansorbin cells (SAC-I cells 
expressing Protein A; Calbiochem) , 20 Mg/ml lamunobeads 
(Rabbit anti-Human igM; Biorad) , and 20 ng/ml of human rlL-4. 
TWO ml of cells per well were plated in a 24-well plate 
(Falcon, Becton Dickinson) and cultured at 37«c After 3 
days, the medium was removed and the cells were washed three 
times followed by addition of RPMI/10% HS. The cells were 
used after culturing for an additional 2 days in RPMI/10% HS. 

^' gxPf^^gj^n 9f empty na«Ts t mmo^,-, ^^ ^ „ m rfn- of 

1. Cold temperature incubation: 

a. Expression of empty MHC in APCs: The APCs 
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. Si^S^"^^'^^"^ ^^ ^ complete 

; ^^^""^^^^^^ ^^^^^ . The cens 

5 CO^. It should be noted that these cells bnly ex^tess a 
fraction of Class I molecules in the empty state (^10%) . 

b. Peptide loading of APC stiiiulatbr cells- 
Empty Class I expressing APCs were washed 1-2 times with 
ser^ free RPm L-g^utamine and Hepes) and resuypended at 1 
X 10 in serum-free RPMI containing 50 ^g/ml total of the 
peptide pool (i.e., 16.7 Mg/»1 of each peptide in a pool of 

Hr;." ''^^"^ "''^^^P'^^''^ * P*'^^ 50 Mg/ml Of 

individual peptide) , 30 /.g/ml DNAse, and 3 M^/ml^,k 
Following a 4 hour incubation at 20.C, the cells wLe 
irradiated at 6100 rads,(5 x ,10^/ ml; 25 million celis/tube) 
washed an, adjusted t, th, app^<^riate. conc^^^i^^r f 1^^' ' 
addition to the induction culture (see below)/ 

2. Acid stripping: This was usfed^^^ an 
^^^^l?^ ^^'^ generating empty «HC .,^-^^ ^^^^^^ 

activated PBMCs were washed^^c^^ in coll 
0.9% sodium Chloride (J.T. Be^cer) contaihihg 1% bsa. T^e 

^^^^^r "'^'^ "^<^ citrateHpiosphate 
buffer (o.i3M w^^ apid fJ.T. Balcer] , 0. bsk sodium 

Phosphate monobasic [Sigma), pH3) containing 1% BfiA , 
W/ml and incubated on ice. After 2 mil^ 
cold 0.15H sbdium Phosphate »onob::!r^^':^; ^^^^^^^ " 
containing 1% BSA, 3>g/^l and 10 Mg/*a 'p^k^ 

• ^^iV^ '^ *-ed - the ce^ll i::^,,,,,, 
« isoo RPM for 5 mxnutes at 4*c. The cells 

and incubated for 4 hours at 20-c »k v# ourrer «] 

the four hour incubation ar20oc th^ 0!^"' 

V6.100 rads (5 ^ lo*/ mJ^J f' ^^^^ irradiated at 

adjusted to t^/« - million cells/tube) , wished; then 

Wusted to the appropriate concentration for ^^Ailx' \ 
induction culture (see below). / ^ or addxtxon to the 
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PrgparatiPn «?f th? <;P4■^ deplete d pbmc T-ocpond^r 

AIS ff l asK f ?) ■ AIS Microcellector T-150 flasks (specific 
for the depletion of CD4+ T cells; Menlo Park, CA) were 
primed by adding 25 ml of PBS/l mM EDTA, swirling for 30 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperature 
for 1 hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed i time with PBS/edta, 2 
additional times with PBS and then incubated with 25 ml of 
culture medium for 15 minutes. PBMCs were thawed lin 
serum-free RPMI (+ L-glutamine + Hepes) containing 30 ^g/ml 
DNAse, washed once, and incubated for 15 minutes in culture 
medium. Following aspiration of culture medium from the 
flasks, up to 180 million PBMCs were added in 25 ml of culture 
medium containing 30 ng/ml DNAse. After 1 hour at room 
temperature, the flasks were rocked gently for lo seconds to 
resuspend the nonadherent cells. The nonadherent cell 
suspension containing the CD8+ T cells was collected and the 
flasks were washed 2 times with PBS. The CD4+ t cell depleted 
PBMCs were centrifuged and counted for addition to the 
induction culture. The CD4-^ and CD8+ phenotype of the CD4+ 
depleted cell population was determined by FACS analysis (see 
below), m general, this technique resulted in a two-fold 
enrichment for CD8+ T cells with an average of approximately 
40-50% CD8+ T cells and 15-20% remaining CD4+ T cells 
following depletion of CD4^ T cells. Depletion of CD4+ T 
cells can also be accomplished by antibody and complement or 
antibody coated magnetic beads (Dynabeads, . Depletion of CD4. 
T cells served the purpose of enriching CTLp and removing 
cells Which would complete for cell nutrients and may 
interfere with CTLp expansion. 

^^^' = ^^ ^ gn Of pr i rinrv rrT ,. During the 4 hour peptide 
loading Of the stimulator APCs, CD4. depleted PBMC to be used 

forti:ctLTo%' cdTT'^" "-^'^'^'-^ 
cIL! ? ''"''^ depletion of CD4^ T 

cells (above) . The responder cells were plated at 3 x 10^,2 
m a 1 ml volume (24 well , « 3 x lo /ml 

ume (24 well plate) and placed at 37oc until the 
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' ^^'^°f^-f>^*^*°^'''^-''^^^'i'i^t^t The irradiated 
peptide lo.d,C.^CS.VMe.^,shed * .ta,i ^iS^Jree^ ' 
L-glutamlae and Hapes) , adjusted to UcloVal 1„ I , * 
-ediu*, a^l Plated into ai« ^.mim^M^MT 
PBMC, 1 « io« atl«aator cells Tl ^ " , for 
«.e wane «ntii„in, t^a «a ^ InlL^^^^^ 

pOatad in e,ch veil, a tir>.l concantratioh of io or 
«Klittonal peptide ».a added in addition to ao ng/CwLTf 

additional 10 ^/ml rIL-7 was padded to thi cultm-. \. 

was add^ every , ^ys. thereafter ^^^T^r^. L" 
cultures were restiaulated with oaDtia. „io' i*^- 
W tested -^^.yti. .cti^r^^ — 



-pes, cont:^;g^:r^-^^-i22^« - 

Mg/-X iJ,»icroglobuli„ added in a o 5 " """'"^ " 

incubated for 2 hours at 37. c 

l.S X 10« responder ^ells J " "spi^Ated «.d 

•dded in a 1 ^'^^ 
containing 20 o/„l rlw was added °* 

fA:»^alysl^. one million cells/tube were csBtw, . ' 
resuspended in 100 ul/tub. pbs/o 1» BSiTf^,!^ 
(Sigma, plus 10 ul/tub. directiv c™ !' 
Dickinson,, and incubated :ncriT2:':r%"*''^^ 
then washed 2 times wlih pbLo Cells were 

"suspen-ked in PBS to^i'L ^n VA^""'"" ^''^^ 
"hen it was hot possibiTto ^nTr "^^ '^^^ Dickinson, . 

P ="'le to analyze samples Within 1-2 days. 
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cells were fixed with PBS containing i% paraformaldehyde 
(Fisher) and analyzed within one week. 

Cytotoxicity Assay 

. *• Tarqgt <7fn prgpflrntipn . Approximately 16-20 hours 
prxor to the CTL assay, target cells (Class i matched 
EBV-transformed lines) were washed once and resuspended in a 
10 ml volume at 3 x loV».I in RP„x/5% res in the pres^ce or 
absence of lo /tg/nl total peptide. 

^ flfc>g li nq Pt tarqgtr rt^ng : Target cells were 
centrifuged and resuspended in 200 ^l/tube sodium ^^cr 
chromate (NEN) , then incubated at 37-0 for i hour on a shaJcer 
Targets were washed 3 times (lo ml/wash, with Rphi/io% fcs Ind 
resuspended in 10 ml (to determine the efficiency of 
labelling, 50 ^l/target was counted on the Micromedic 
automatic gamma counter) . 

c. CTL flgPi ^ Y . Target cells were adjusted to 2 x io5/„i 
and 50 ^1 Of the cell culture was added to each well of a 
U.bottomed ss.well plate (Costar Corp., for a fill " 
concentration of i x loVwell. k562 cells were washed o 
res d , . ,oV»l, and so .l/well wal addeTfor a ' 

arget was 20.1). Responder cells were washed once 

resuspended at 9 x io«/m ^ 

«»- » X iu /mi, and three fold serial 

were performed for effector to target ratios 1^ 
10:1, and 3:i. Responder cells were added 4„ , ' 

Ml in duplicate wells Fnr . T " ""^^""^ °^ 

iMhoii /I spontaneous release, 50 ixl/well of 

labelled target cells, 50 ul/weli ics*:^ ^ Mx/weii of 

medium was add*.d Ml/well K562, and loo Ml/well of 

neaium was added. For maximum release, 50 ul/weli 
Ml/wen K562, and 100 Ml/well of 0.1% iriton-xroo 'irr' 
a^ded. Plates were centrifuged for 5 -inutes at i o?::^ ^" 
Following a 5 hour incubation at 37«c Dlat^« 

aqain for 5 minutes at 1200 rpm, 1 iorrr/^rif^^""'"^^^ 
supernatant was collected ' st-nd-r-n 

used to determine the percent specliie Ivr^H 
formula: » specific lysis - cp„ e^IrLental *° 
rele.se/cp» maximum release flJ^"T^ ' =P°"t«n«us 

release cpn spontaneous release X lOO. 
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A cytot«icltx assay (CTL assay) «.s considered positive if 
«» lysis by CK. Of t„gets sensitised with a spLitic oe=f •„ 
« t^e t^o «,hest effector to target (B:T, .J^T. 
greater than lysi* -6*-<e^^ taroet/v, 
S Without peptide, . A ^t«^,ity'a.s.; f^;; 1"^" Zl 
considered borderline if the lysis by en. of targets 
sensltiz«l With a specific peptide at the two highest effector 

target (E:t ratios was .. greats ^„ ,^,3 If :on:^f r 
targets (i.e., target cells without peptide). 
' a. Basalts, of the peptides that bind to the Indi,- * ^ 

alleles, , „f the 49 MAGE peptides, lo of the « ^ oltTd 
3 Of the 25 HCV peptides, and 2 of the 20 neo«I "'f 

U^^^"-^ - ^^^^^^ 

and HBV (Figure 2) Th« • (Figure 24), 

Table 24 wh!^ Ill; !k ^"'^"^ti^n data are suamarized in 

^acxe 24 Which lists the immunogenic peptides ^ah^r.» k- ^ ^ 
the appropriate mtn < ^ . f^p^^aes which bxnd to 

indi,,;; r r r primary CTL in vitro. 

targets following stiumlation with s»f. Z^l, endogenous 
loaded With a haoe 3 peptide T,.T'^ TZIT^'' 
and incubation technique, pigure 21 shLr! *""P«ature 
a=i- stri. i<^di4 teci^igue ^:er.r:r:h thTLT"" °' 
''^"•'-^If^^^w™ technlgue 

sone d.tai"t7^t^ 1^:^^./:^""''" 

. illustration and example tai- 

Clarity and understanding, it will be epper^t ^It ^wT °' 
ranges and -odlf ications «y be Practi^d "L^^" 
the appended claims. "thin the scope of 
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Sequence 
AADKAAAAY 
ATAKAAAAY 
ATDKAAAAY 
ALAKAAAIIV 
AMAAAAAAX 
ATAAAAAAK 
AYAKAAAAF 



TABLE 13 

VALIDATION OF CVTEL'S HLA MOTIFS 




Binding 
Mocif Al 
Al 50 
Al 15 

Al 2.8 
A2.1 
A3. 2 
All 
A24 



A2.1 A3 .2 



329 
9250 

125 

48 

59 



15 .A da.h indicate, « XC^o greater than 20.000 nM. 



All A24 



77 
840 

8 .4 
40 



NO 



20 



25 



30 



TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 



Binding Capacity (ic 



SO "M) 



SEQUENCE 


MOTIF 


Al 


AADKAAAAAY 


AX 


45 


ATAKAAAAAY 


Al 


56 


ATDKAAAAAY 


Al 


4 .0 


ALAKAAAAAV 


A2.1 


ND 


AMWUUAAAK 


A3. 2 


NO 


ATAAAAAAAX 


All 





A2.1 



1400 



•A dash indicates an ic 



50.9^eacer than 20,000 



A3. 2 

1100 
10000 

85 
216 



All 

1030 
4533 

24,0 
88 



nM. 
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HLA.A3-2 
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10 



15 



20 



25 




PEPTIDE 

952.25 

952.26 
952.27 
952.24 
981.06 
981 .04 
981.09 
952.23 
981.11 
981.13 
981 . 08 
981.12 
981.05 
981.07 
981.10 

952.35 
981.33 
981.34 
981.35 
981.36 
981 .37 
981.38 
981.39 



SEQUENCE 

ALAAAAAAX 

AMMVAAAAX 
AAAAAAAAK 
AIAAAAAAK 
ATAAAAAAK 
ASAAAAAAK 
AGAAAAAAK 
AVAAAAAAK 
ANAAAAAAK 
ACAAAAAAK 
APAAAAAAK 
AOAAAAAAK 
AKAAAAAAK 
AYAAAAAAK 
APAAAAAAK 

ALAAAAAAR 
ALAAAAAAA 
ALAAAAAAN 
ALAAAAAAO 
ALAAAAAAY 
ALAAAAAAS 
ALAAAAAAT 
ALAAAAAAE 



TABLE 16 
HLA-All 

AVERAGE RATIO TO 952.25 
1 

2.5 
1.1 
0.72 
0.55 
0.46 
0.38 
0.23 
0.23 
0.019 
0.020 
0.012 
0.0065 
<0.0065 
<0.0051 

0.015 
<0.0059 
<0.0071 
<0.0051 
<0.0071 
<0.0051 
<0.0051 
<0.0071 



position 2 



position 9 



30 
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TABLE 17 
HLA*A24 
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TABLE 18 
HLA-Al 



10 



15 



20 



25 




30 



982.13 
982.08 
954.09 
954.11 
954,13 
982.10 
982.11 
982.12 
982.14 
982.15 
962.16 
982.17 

982.24 
982.23 
982.28 
982.32 
982.25 
982.26 
982,27 
982,30 
982.31 
982.29 



AMAKAAAAY 
AAAKAAAAY 
AlAKAAAAY 
AIAKAAAAV 
AVAJCAAAAY 
AJCAKAAAAY 
ANAKAAAAY 
AOAKAAAAY 
AGAKAAAAY 
APAKAAAAY 
AYAKAAAAY 
AHAKAAAAY 

ATAKAAAAA 
ATAKAAAAF 
ATAKAAAAH 
ATAKAAAAV 
ATAKAAAAN 
ATAKAAAAD 
ATAKAAAAW 
ATAKAAAAK 
ATAKAAAAI 
ATAKAAAAP 



1 

0.17 
0.095 
0.0064 
0.0045 
0.0045 
0.0020 
0.0011 
cO.OOOl 
<0,0001 
<0,0001 
<0.0001 
<0.0001 
<0.0001 

0.0040 
0.0019 
0.0010 
0.0005 
<0,0001 
<0.0001 * 
<0.0001 
<0. 0001 
<0. 0001 
<0.0001 



position 2 
no O in pos 3 



position 9 
no D in pos 3 



, wo 94/03205 



PCr/lJS93/0742l 



93 



10 



15 



PBPTIDB 

982.01 

982:07 

982.01 
954.03 
982.02 
982.06 
982.04 
^02.03 
982 . OS 

9^82120 
982 -21 
.9?? -19 
982.22 



SEQUENCE 

ATDXAAAAY 

AlAKAAAAY 

AADKAAAAY 
AUBKAAAAY 
AAAXAAAAY 



AAMWUAAY 
AAOKAXAAY 

AAXXJUClUiY 

AApICAAAAA 
rAAOKAAAAW 
AAfildliAAAP 
AAOKAAAAK 



TABLE 19 
HLA-Al 

AVERAGE RATIO TO 982.07 | SOBSTlTOnON 
Mbcif 



0.14 
0.038 
0 . 0055 
0.0024 

o.ooil 

.0008 
.0001 

O.OOlS 
6.0005 

, <0.pppi 
<o.oo6i 



I 



position 3 
no T In pqs 2 



position 9 
no T in pos 2 
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TABLE 20 (A) 

HPV16 E6 AND E7 PEPTIDES BINDING TO HLA-Al 



10 



15 



20 





First aa 




Posicion 


£6 


80 


B6 


69 


B7 


44 


E7 


37 


E7 


19 


E6 


144 


E7 


73 


E6 


139 


E6 


61 



ISEYRHYAY 

VADKALKFY 

OAEPDRAHY 

EIDGPAGOA 

TTDLYAYEO 

MSAARSSRT 

HVDIRTLED 

WTCRAMSAA 

YROCNPYAV. 



3 .500 
0.240 
0.029 
0. 025 
0. 023 
0 . 019 
0.014 
0 .010 

o.ooe 



Bold A. 3 indicace residues in .Hie. cysceine .as replaced 
The average IC50 value tSE of the standard in che course of rh 
experiments considered in this cable was 81*30 nM 1 
are peptides yielding ratio values of lo. Tu other 

yielded ratio values of .o.OOl. " Pepcides 
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TABLE 20 (B) 

HPV16 E6 and E7 Peptides Binding co HLA-A3.2 



Origin 
E€ 

E7 

E6 
ES 
E€ 
ES 



E6 
E€ 
El 

EB 
B6 
E7" 

£6 

£6 

£6 

£6 

£6 

£6 

ES 

£7 

£6 

£6 

£7 



Firsc aa 
f^sicion 

107 

59 

89 

33 
125 
143 

r 

93 
37 
51 
145 
75 
89 
52 
80 
42 
€8 
97 
79 
84 
69 
146 
58 
38 
€7 
60 



Sequence* 

LIRAINAOK 
IVYROGNPY 
IVAPIASOK 
IILEAVYAK 
HLOKKORPH 
ANSAXRS5R 
AMFQDPOER 
TTLEOOWK 
AVYAKQOLt 
HYKIVTFAA 
SAARSjSRTR 
KFYSKISEY 
SLYCTTLEO 
WIVTFAAK 
ISEYRHYAY 
OOLLRREVY 
AVADKALKF 
QOYNKPLAO 
KISEYRHYA 
RHYAYSLYG 
VADKALKFY 
AARSSRTRR 
AAXAOSTLR 
VYAKOOLLR 
YAVAOKALK 
>CADSTLRLA 



Binding Racio 
to Standard! 

3.7000 
3.0000 
2.2000 
X.SOOO 
0.4400 
0.1800 
0.1000 
0.0780 
0.0320 
0.0210 
0.0200 

o.oioo 

O.008O 
0 . 00C7 
0.0064 
0.0056 
0.0056 
0.0045 
0.0044 
0.0036 
0.0025 
0.0020 
0.0016 
0.0012 
0.0012 
0.0012 



Motif 
Prediction 



sold A's indicace resid " 
«re peptides vJiJSfJ- '" this tttle 30:? course of tne 
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15 



20 



25 



30 



E6 
£6 
E7 
E6 
B6 
E6 
E6 
E6 
E6 
E7 
E6 

E€ 

E6 

E6 

E7 

E6 

E6 

E6 

E6 

E7 

E7 



Table 20(C) 

HPV16 E6 and E7 Peptides Binding to HLA-Al 1.2 




33 
93 
89 

7 

59 

ao 

37 
145 
107 
58 
42 

143 

79 
67 
52 
68 
69 
38 
140 
90 
SI 



IILEAVYAK 
TTLEOOYNK 
IVAPIASQK 
AMFQDPOER 
IVYRDCNpy 
ISEYRHYAY 
AVTAKOOLL 
SAARSSRTR 
LIRAINAOK 
AAKADSTLR 
OOLLRREVY 

AMSAARS5R 
KISEYRHYA 
YAVADKALK 
YNIVTFAAK 
AVADKALKF 
VADKALKFY 
VYAKOOLLR 
TGRAMSAAA 
VAPIASOKP 
HYWIVTFAA 



6 .7000 
1 .8000 
1 .3000 
0.8400 
0.4700 
0.4300 
0 .0450 
0 .0330 
0 .0120 
0,0110 
0.0084 

0.0084 
0.0076 
0.0074 
0.0060 
0.0037 
0.0030 

0.0022 

0.0012 

0.0012 

0.0010 



are peptides yieldinl r^io illSe o? oS?'' 2m ''i"''* ^" ^^'^ ^^^^ 
yielded ratio values of «o 001 »0.001. All other peptides 

BracKets indicate score according to adjusted motif. 
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10 



15 



20 



25 



Orgin 

£6 
E€ 
£€ 
B7 
B6 
B6 
B6 
£6 
£6 
£6 
£6 

J5L 
Bold A' 



Table 20(0) 
HPV j6 £6ana Pdpiic^^ lo HLA-A24 



First aa 
Posicion 

87 
72 

131 

49 

49 

82 

2€ 

66 

1 
85 
44 
38 



Sequence* 

AYSLYGTTL 
KXLKFYSKI 
RFWIIRCRW 
RAHYNIVTF 
VYDFAFRDL 
BYRHYAYSL 
LOTriHDII 
PYAVADKAL 
MHOKRTAMF 
HYAYSLYCT 
I*I-RREVYDF 
VYAKQQLLR 



Binding Racio 
CO ScandardT 



0.1200 
0.1100 
0.1000 
0.0670 
0.0610 
0.0460 
0.0200 
0.0055 
0.0049 
0.0037 
0.0023 
0.0011 



Mocif 
Prediction 



■ ■ ^*WWAJ. 



^ " wnicn cysteine 

arac2«« f«M? °=*0-001. All ocher pepc idea 

aracicecs indicate score according co adjusted motif. 
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» S ^ 5 S? ^ 



'-3 



^ o o • cd; 



«i ^ • CD IS 



8 

o 



2 

o 

03 
€0 



M> A 



1. o . J:; o o ^ 
^ I — ' I coS 



i5 



|0D8 



o 



M rt cn ^ ' 



^ W Ul 
I \0 »^ <A W 



— ^^iJw 



^ Kl Kl O ' 



A ^ to 

W W ^ O 



o 



Z 



z 
o 
en 

9 

CO 



CO 
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t 

rianf ir 

VBW i : 
rms i 



"i 



' CTQtifCDfCC., 

crrrAENfET 



wpamai" 
lvctkhvk" 



uan 



uon 



J- 

-L 

I 

UIOM 



tLOHVKgNK 

fuasmjcK 



r;^ 

10 

M 
I 10 I 
10* 
10_l 
10 

1 ♦ 
f 



VTAgPCTOK 
"DtSYMWWlT 



f 



UlC I 

r 



li»31 



QUBLTEILJC 



TIDWWIMVK 



• r 

J 10 
I 10 

10 

10 

10 
I 10 




AXl 


j All 


i A34 


_ 0 ~ 


OAB 




~ -.0 "i 






Qiop ] 

jQOOiy 1 


aoBs 

I 0 ~ 




o 


~ 0 


0 



OXPO~" 
OiAJ 



t074S t 

um t 
um I 
utay I 

UIO I 
IJW I 

i.iuy 
ism 

1.112» I 
14U4 



1.1W 



LV5Ey=5RMAg 

cwFcaugr 

CVAjtOSCVK " 

QmomoOK 

gTVCACOCAt 



10 
10 
lO 
10 

t 10 
10 
I 10 

J2J_ 

JO 
10 

I 10 r 
J 10 r 

I 10 

ToT 



gji 



OA 



3g I Xll 
Xll 

xn 



141 



7X3 



470 



c-£Jtg 
C-EII82 



Xll 
Xll 
Xll 

"xiT 

Xll 
Xll 

m I Xll 

-L*^ I xir 

Xll 

"xiT 

J w I xn" 
^ I xiT 
i sm i xn" 
i xn" 



L jftfll4 
04 



ttg3 
0X73 



00072 



0014 

OilU 
1 I 0 
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xoin I 



I 10 I 
10 f 



M0V « -^f/< 



At 



All 



I to 
I to 



MBV 
HBV 



ALL 



I 7B I : :ar 



XW73 I 



crMwrMcugT" 



HBV 
H«V 



1 11 

t low 
J yg 
rif 



JljOItt 

J. 

lAn I 
T 

IJgU 

li 

_u 
IJ 

Ji 

1jO»»1 
lAf7. 



WTLHTWK 



TTDLEAYWT 
fiyiLAW. TK" 



I 10 

I • I HMV i 

I • I HWV 

» i HWV I 



t 



I 



I 



I 



MIV 
H»V 
M»V 
H«V 



T 



I Xll 
I Xll 

xn 

Xll 



OJl 
XI 

IJ 



I 



lg4 

( 1S7 



I 

IJOil I 



( 



I 
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I 



X0y4 I 
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i.am 
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1 

_1 A4S I 

_l 



IXYAOOBK 
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I 



1 f 
f 

1 
7 



1,100 I 
liftTO 
1.10tS f 



1.10»4 
1J0*> I 

li 



«LVLpmi 
MLLYKTroT 

ivwocwtur 



HBV 

MOV 

MOV 

HOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MSV 



"3 T 



xn 
xn 
I xn 
xn 

Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 
Xll 



-11 

OfllO 



can 



ai7 



oil 



HBV 



HBV 



MBCTPat" 



MOV 
MOV 



001 I 
711 



isai 

10 



Xll 

xn 

Xll 
Xll 
Xll 
Xll 
Xll 

xn 
xn 

Xll 
Xll 

xn 
xn 

Xll 
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0481 
&10 



cm 

an 
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ftODTl 



OA 



1X6U I 



1.110 I 



MOV 
MOV 
MOV 
MOV 



xn 
1— I xn 

W ♦ Xll 

xn 



_ OtWVI ItJt 



I 



rvNAHONxnr 

EATROXXfK" 

fcOLYicTrcCr 

TAWHtSTsT 



MOV 
MOV 
MOV 

MOV I 
MOV 
MOV 

MOV I 



OOE 



xn 

Xll 

iaz2 J xn 



IjOTVI 



VTOCVFLVPIC " 

MomrTPAii 
TUErrwRB 

KVTKYLP1I3K 

_wvncvLPuic 



10 

10 I 
10 

10 I 
10 

w I 
10 I 



MOV 
MOV 
MOV 
MOV 
HBV 
MOV 
HBV 



^ I xn 
i«# I xn 

Xll 

imi xn 

' I Xll 

Xll 

1<0fc j Xll 

I xn 



10 I 
10 I 
10 I 
10 I 
10 I 
10 I 
10 
10 



MBV 

HBV 

HBV 

HBV 

HBV 

HBV 

HBV 

HBV 

HBV 

HBV 

HBV 

HBV 

HBV 
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POL 



xn 

I Xll^ 
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t OM I Xl7 

xn 
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00057 
0A9 



I OigS 
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OLOU 



I 00X7 
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1 


5mqmmna 


AA 
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Peptide lO # 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 



Table 25 a 

peptides ..Synthesized 
by cytel . Ppr lioading 
Onto Acid Stripped 
Autologotis PBMCs and 
FHA Blasts 
Antigen 

HBs 

HBc 

HBp 

MAGE 1 

PSA 

HBc 

PAP 

PSA 

PSA 



Sequence 
FLLTRILTI 
FLPSDPFPSV 
GLYSSTVPV 
£AOPTGHSY 
VLVHPQWVL 
FLPSDYFPSV 
IliLWDPIPV 
KLQCVDLVHI 
HIiLRLSEPAEL 



20 



25 



table 25 b 
Cell Population 



JY acid stripped 
JY acid stripped 
JY control 
JY control 



"^I-Labeled 

Peptide +/- cold 

Peptide 

- cold peptide 

+ cold peptide 

-cold peptide 

+ cold peptide 



CPMS 
+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
50 



n 
n 
n 
n 



3 
1 
3 
1 
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WHAT IS CIATMRn Tfi. 



1. A composition comprising an immxinogenic peptide 
having a HLA-A3.2 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, Y, H amd F; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



2. The composition of claim l, wherein the first 
conserved residue is at the second position from the 
N-terminus. 



3. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 

a second conserved residue of D, E, A, s and T; 

« third conserved residue of Y; 

wherein the first and second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 



4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 
N-terminus . 



5. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 

a second conserved residue of Y; 
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) 



*rtier:eii» t^e fijTsI^ second 
separated by 6 to 7 residues.. . 

6. The cc^ppsltion Of ciLa-in,5,,^ 
conserved resldu^ is at the second position from the 
N-terminus and the second conserved residue is at the ninth or 
tenth position from the M-terminus. 

7. A composition comprising an immunogenic peptide 
having an HIA-Al binding motif, which immunogenic peptide has 
between 9 and about 10 residues and the following residues 
from the N-terminus to the C-terminus. 

a first conserved residue of D, E, A, S ihd T; and 

a second conserved residue: of Y; 

wherein the first ahd second coLerved residues are 
separated by S to 6 residues. 

8. The composition of claim 5, wherein the first 
^nserved residue is at the third position from the K-termLs 
and the second conserved residue is at the ninth or tenth 
position from the N-terminus. 

9. A composition comprising an immunogenic peptide 
having a HI^-Ail binding motif, which peptide has b^tweef 

^^KtL:^' " "^'^"^'^ ^^^^-^''^ "«^'^-s? from 

the Ntermxnus to the C-terminus: 

a first conserved residue of l, M, I. v a s o./- 
C, F, D, E; and ' ' ^' ^' ^' 

a second conserved residue of K, R, h- 
Wherein the first and second conse^ed residues are 
separated by 6 to 7 residues. siaues are 

^ 

10. The composition of claia 9, wherein the first 
conserved residue is .t thi seco«. position f ro« th^ 
N-terminus. 

11. A composition comprising an immunogenic peotld^ 
having a HI.-A24.1 binding motif , which i^munogeniT^^J^f;;^^ 
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has between about 9 and about 10 residues and the following 
residues, from the N-tenninus to the C-terminus: 

• first conserved residue of Y, F, W; emd 
a second conserved residue of P, i, i,, w, M; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

12. The composition of claim 11, wherein the first 
conserved residue is at the second position from the 
N-terminus . 



13. A composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptide 
has 9 or 10 residues: 

a first conserved residue at the second position 
selected from the group consisting of A, 1, L, M, T, and V; 
and a second conserved residue at the c terminal postion 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
having an KA-All binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from the 
N-terminus to the Cterminus: 

1-H w . ^^""^ conserved residue at the second position from 
the N terminus selected from the group consisting of A I l 
M, T and V; and ^ a, i, l, 

a second conserved residue at the c terminal position 
selected from the group consisting of K; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 
havxng a HIA-A3.2 binding motif, which immunogenic peptLe h« 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus: 
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10 



IS 



20 



25 



30 



35 



, . ^ conserrved residue selected from the group 

consxsting Of m, I, .S,.A; f, Cv G, ihd E; and 
; * Beqond con^er^yed residue of k; R and Y; 

i^ereiii th^, first, im^^^^ 
separated by 6 to 7 residues. 

16. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 
having a HIA-ai binding motif, which immunogenic p^tldHa^ 
between about 9 and about lo residues and the folLwing 
residues, from the N-terminus to the c-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, s and T; 
" third conserved residue of y • ' 

« . . "^^^^"^ ^^^^ «Wnd consei^ed residues are 

IZZZ: ' " "'^'""^ third C.„3er;eV 

resxdues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprisino a 
Pharmaceutically acceptable carrier and an i^^^ric peptide 
having a Hl^-Al binding motif, which ii-unogenic >eptLrhas 
between about 9 and about 10 residues and the folLwing 
residues, from the K-terminus to the C-terminus: 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr; 

Wherein the first and second conserved residues are 
separated by 6 to 7 residues. 'residues are 

18. A pharmaceutical composition comprisino « 
Pharmaceutically acceptable carrier and an immr^enic Peptide 
havxng a HIA-Al binding motif, which peptide haslltw!en a^ut 
. and about .0 residues and the following residues Llm Z 

terminus to the C-terminus: 

a first conserved residue of D, E, s, T; and 
>^ a second conserved residue of y • 
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19. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-A24.1 binding motif, which peptide has 

a first conserved residue of f, W; and 

a second conserved residue of F, I, l, w, or m; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



20. A method of identifying an immunogenic peptide 
comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif; 

v.- " sequence in the antigenic protein having 

the bxndmg motif; 

preparing a test peptide of about 8 and about li 
residues comprising the selected subsequences; 
^ determining the ability of the test peptide to bind 

to the preselected MHC allele and induce a CTL response 
thereby identifying immunogenic peptides. 
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figure 2 
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figure 5 
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Figure 9 
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Figure 10 



94/03205 



11/25 



PCr/US93/0742l 




PGr/US93/0742I 



12/25 



A24 cizration. 




ItM MHC 



s 



Figure 12 



wo 94/03205 



13/25 



PCr/US93/07421 




Figure 13 
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Figure 15 
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Figure 16 
CTL INDUCTION 
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Figure 20 



Cytotoxic Activity of an HLA-Al-Restricted CTL Line 
Specific for a MAGE3 Peptide (1044.07) 
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Induction Using Different Methods 
to Load Peptides onto SAC-I Cells. 
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Figure 24 
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Figure 25 



J2 



CO 



Peptide Screening: 
HBV/A3 



100 



80 



Obnor GC220 
HBV/AS 
Peel 1 



40- 



20 - 




■ — r- 

3M 



nopaptida 

1069.1S 



— I — 
10:1 



EHM<t. 1^62 



90:1 



— r— 
00:1 



E:T Ratio 



IWTCRNATIO i SEARCH REPORT , .«M^.p,^uZ 

PCr/US93/07421 

1^ CLASSIFICATION OF SUBJECT MATTEr" 
I IPC(5) :A61K 39/DO: C07K 7/06. 7/08 
I US CL : 424/88: 514/2: 530000. 327. 328 

Accontogto Imcn.^ IW CI«. ific.do, qPC) or u> both natio n^ .l^.ir.^.-^ ... ^ 

B. nELDS SEARCHED 

Miaimun. doc««c«i«ion «n*ed (cJ«.iiic«ion .y««„ foUowed by cU«ific«ion ,yn^U) 
VS. : 424/88:514/2:530000.327.328 



term* used) 



DOCUMENTS CONSIDERED TO BE RELEV ANT 

J. Exp. Med., vol. 174, number 3, mued 01 SeDtenber looi i 

326-329, see entire document. ' pagesi 

Nature, vol. 351, issued 23 Mav lOOi v n^iu ... I 
specific motife "Sealed by senSL4^ofL'^idt'^;\L^ '"^ 
MHC molecules-, page. 2^9^^^^^ «™» I 



(Q Fttitherdocumenu 



•A* 



*feli«icd in the continaaUon o f Box C. Q See pucnt fcmily 

inriiBiii^ ■ " 



Annex. 



"be 



Pmicjr dun(t) or whkk 
of anortMi rifiiiBi m mk 



I to awolv* M imZ^irTi 



I Due of the tcoiml completion of the 
01 November 1993 ^ 

W«ihifl^rtoa, D.C. 20231 
LSaSgyg No. NOT APPI ir^Aot p 
Form PCT/liA/ilO (.econd .heet)(JuIy 1992>: 



intemodonat teareh 



Authorized ofGoer 

THOMAS CUNNINGHAM 
Teleirfione No. 




